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LINNEAN SOCIETY 


OP 

NEW SOUTH. WALKS, 

WEDNESDAY, MARCH 27th. 19IS. 

The Forty-thinl Annual General M<*eting, and the Ordinary 
Monthly Meeting, were held in the Linnean Hall, Ithaca Rond, 
Elizalieth Hay, on Wednesday e\ening, March 27th, 19IS, 

ANNUAL GENERAL MEETTNG. 

Professor 11. 0. Chapman, M.D., H S., President, in the (’hair. 

The Minutes of the preceding Annual General Meeting (March 
2Htli, 1917) were rend and confirmed. 

The President delivered the Annual Address. 

PH ES1 DENT 1AL ADDK ESS. 

Laihkh and Gkntlkmkx, 

This is the forty-third occasion on which the President has 
delivered an annual address to the Members of the Society. The 
progress of this Linnean Society, aiming at mhaneing the study 
of Natural Science in this newly-populated continent, is also 
shown by your election of a graduate of an Australian University 
to the presidential chair. Such a selection bears witness to the 
increasing influence and preponderating numbers of the scientists 
trained in Australia in the personnel of the membership. This 
is the first occasion on which such an honour lias been conferred 
on a student of our Universities by the naturalists of our Moeiety. 
I appreciate the honour that you have done me, i think, how¬ 
ever, that I should lie ungrateful if T did not render some tribute 
to those who have given me of the liest of their intellect aud 
of their assistance. I feel that I owe my educational develop. 
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ment to two men. One has ceased to be a Member of this Society 
and to continue Ins work in Australia, but, in a larger sphere, he 
still directs the labours and lends his kindly hand to encourage 
tho early efforts to learn of Nature of those of another land. T 
refer to Charles James Martin. The other lives among us and 
sets us the example of an earnest student of the animalN, plants, 
and rocks around us, I pay my homage to Charles lied ley. 

You will pardon me if J spend a few minutes in pointing out 
what 1 owe to my chief teachers. The Australians are said to 
lack reverence and gratitude. Perhaps their critics are, some¬ 
times, astray, ft is rather more than twenty-one years since I 
saw for the first time C. J. Martin. I was a student of medicine 
at the Medical School in Melbourne, and hud reached my third 
year. We students had heard, tow an Is the end of our second 
year, that the venerable Professor of Physiology, Dr. Halford, 
had been granted leave of absence, and that a lecturer had lieen 
appointed in his place. Early in the next year, I went, in the 
company of a fellow student, to find out if we cOuld not start our 
year’s reading before lectures commenced. The Long Vacation 
seemed too lengthy an holiday. We wore young in many ways. 
We thought that in books lay the knowledge of natural pheno¬ 
mena. We had not learnt that our work in the laboratory was 
anything more than an attempt to assist our memories by visual¬ 
ising what we committed to our minds. T recollect that we 
went to the Old Medical School through the Grecian porch. We 
passed through the bare hall with its tablet in commemoration 
of Professor Kirkland, and into the asphalted court. On the 
right was the Department of Physiology. 11 consisted of a theatre 
into which opened the Professor’s library and a small ante-room. 
Beyond stretched a commodious laboratory witli benches equipped 
for chemical work, with gas, with water, and with shelves 
for bottles. A preparation-room in which the Professor’s assist¬ 
ant made ready the microscopical sections and chemical solutions 
with which we worked, and two empty rooms completed the suite 
of rooms. As we walked to the door, J little thought that I was 
to spend the greater part of five out of the next six years within 
those walls. In answer to our knock, there appeared a tall, fair 
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man in kinglet and pants, a file in one hand and a piece of brass 
in the other. We asked for Professor Martin, and were curtly 
told to say what we wanted. Slowly it dawned on our minds 
that we were addressing a new type of teacher. Those we had 
formerly known were dignified and distant. We had never 
thought of them, e\en in the heat of summer, unbending so far 
as to remote their mats. Many of them never spoke tons unless 
oo\ei*ed by their academic robes, and we were taught, to prepare 
for any interview with them by donning our academic attire. A 
new' era in the Melbourne School of Medicine had ulreudy com. 
meneed. 1 would not have you think that we students did not 
benefit from the instruction of those with whom we had only a 
formal association. They contributed to our education, but 
neither in the same way nor to the saint* extent as Dr. Martin. 
When we two had stated our errand and sought adxice as to 
what books we should read, we were math* not to value ourselves 
too highly for our desire to start work early by llit* kindly yet. 
satirical praise that we received. We were also informed that 
we could not do better than gi\o some weeks to a renewed study 
of the microscopical specimens that w'e had mounted in the pre¬ 
ceding year. As to the txmks, we might take our choice. We 
were to study Physiology and the functions of the li\ing organ¬ 
ism, not any description of them in a book. We went away 
with little understanding, and somewhat perplexed. 

One fact remained in my mind. I had to examine once more 
and to draw again the pieces of animal tissue prepared for micro¬ 
scopical study, i devoted the rest of the vacation to that labour, 
and I have kept to this day my sketches and those slides. It 
was several years before \ realised the value of those few minutes’ 
counsel. Scientific study not only includes the reading of books 
and pamphlets about natural objects and happenings, but de¬ 
mands the investigation of the things and of their behaviours. 
The books, papers, and monographs are the records of what other 
students have noted on these matters. T wonder often if we 
make this position plain in advocating more attention to scientific 
subjects. We suggest that children should be taught science in 
schools. We mean that the children should be given the objects 
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to handle and regal'd so as to become aware of what is known 
of them. Do we make the parent and the schoolteacher 
understand that education in science is the examination of things 
and not of words or descriptions? I fear that many of us who 
have some control over education in this State by means of ex¬ 
aminations and the institution of courses of instruction, some 
times forget at what we aim. We demand too large a store of 
knowledge. We force the child to learn of Nature by books. 
We do not remember how slowly we acquired our own acquaint¬ 
ance with the world of matter about us. We yield to the critic 
who tells us that we set too low a .standairi, and that wo do not 
ask the child to know enough. We set out examinations with¬ 
out sufficient regard for the hours needed to experiment and to 
observe the facts necessary for an answer. I have tried often to 
persuade examiners and boards of examiners to give more weight 
to practical examinations. I like to ask students to record their 
observations on simple objects. My fellow-examiners have said 
to me that the questions are so easy. They are easy to the 
student who has learnt to study things, and they mislead the 
student who does not know of things but only about words. 
Such students do not recognise what they see. Life, however, is 
concerned with the persons and objects arotmd us, not with the 
descriptions of them that literary men may pen. 

I have told you that I used my microscope. To those hours 
of observation T owe the interest that Dr. Martin took in my 
future education. Some weeks after lectures had begun, I went, 
at the close of the instruction, to ask a question about the act of 
breathing on high mountains. The conversation passed to 
personal topics. I mentioned that I had seen certain appear¬ 
ances in some sections of the lungs. I was invited to come into 
the laboratory to arrange the microscopical objects that Dr, 
Martin had brought with him from Sydney. Each day I spent 
an hour or so in looking at the specimens and putting them in 
the different drawers of the cabinets. Now and then, my teaoher 
came to hear what I was doing or to invite me to look at some 
experiment that he was performing in the laboratory. I saw for 
the first time a working laboratory engaged in the observation 
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of physiological phenomena. I noted that experiments were 
arranged to ascertain how these phenomena were brought about. 
T noticed how these experiment* gave answers, at times precise, 
at other times inconclusive, as to the characters of the events 
examined. T was led to think of these experiments, to ask 
questions myself, to form my own answers from the sequence of 
the events of any experiment, and, indeed, to inquire of natural 
occurrences how they happened. 

T trust that l do not weary you with these reminiscences, but 
1 think that it would be advantageous to the people of this 
Commonwealth if they knew more of the work of that laboratory. 
I believe that the citizens of this continent would have derived 
more benefit if Dr. Martin had possessed better opportunities of 
making others await 1 of the meaning of scientific education. 
Charles James Martin had that personal magnetism which gave 
him command over others. He did not preach to us on his 
doctrines, but he set us an example in his own attitude to the 
science that he taught. During the first year, I was the only 
undergraduate that worked daily in the laboratory at hours 
beyond those prescribed by the curriculum. Other older men 
came to do research at his inspiration. Dr. (later Professor) T. 
Cherry, J. F. Wilkinson, A. 13. Colquhoun, A. C. Halford, A, 
Finch Noyes, and J. W. liarretb (now Sir James) were amongst 
the earliest workers. A little later, E. 11. Einbley commenced 
his investigation upon anesthetics, destined to become one of the 
principal studies of the laboratory during Dr. Martin’s director¬ 
ship. Other undergraduates, among whom were H. A. O’Brien, 
now head of the Wellcome Research Lalxu-atories in London, H. 
W. Patterson, M. Lidwill, and, lastly, Q. C. Mathieson, endowed 
with genius of highest order, who might have influenced the world 
for generations, was regarded as one of the brightest stain of the 
rising generation of British scientists, but gave his life at Gallipoli 
while actiftg as a regimental medical officer, came into the labora¬ 
tory in the next few years. All too soon, Dr. Martin’s work 
among us came to an end. He held no Professorship. An offer 
from Belfast had been declined, but he accepted with reluctance 
the post of Director of the Lister Institute of Preventive Medi- 
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cine in London. This post is one of much importance, for the 
Institute is the largest medical research laboratory in the British 
Empire. Dr. Martin did not wish to leave Australia. His heart 
was with his students. His work lay in training them to continue 
what he had begun. His influence was growing in Melbourne. 
The years of sowing, at times disheartening, were almost over, 
and the days of fruition and reaping were at hand. An attempt 
to obtain for hiiu a chair in the University failed, and one of 
the most inspiring scientific teachers that we have had in Aus¬ 
tralia left our shores. 

The influence that Dr. Martin wielded, was due to his personal 
relations with those around him. He worked with his students 
at the same tasks. He asked all to take an interest in his 
researches. When graduates or students started their own re¬ 
searches, he came each day to see what was going on. He made 
the necessary instruments with his own hands. He manipulated 
the apparatus or took the notes. He drew the conclusions or 
criticised the inferences. He expected discussion at every step. 
It is well, perhaps, that I remind you that he fitted up the work¬ 
shop, setting up the benches with his own hands. He repaired 
the gas engine that supplied the power. He made the apparatus 
before H. J. Grayson became the mechanic. He was carpenter, 
fitter and turner, glass worker and electrician for the laboratory, 
and for the rest of us. He was the chief under whom we all 
delighted to serve. I am afraid that we shall never bo able to 
let you know how much we stand in his debt. 

I would like to add just a few words about his methods of 
teaching science. He did not use diagrams or models to any 
•extent. If he referred to the structure of a muscle-fibre, he 
threw on the screen the image cast by a specimen of muscle 
through a projecting microscope. The students thus formed 
their own mental pictures of natural objects instead of accepting 
the interpretation that some other person bad embodied in a 
diagram or model. Each lesson was a demonstration rather than 
an exposition. Experiment followed experiment throughout each 
lecture. These experiments were selected to answer the queries 
Srhich rose in the mind as the result of the previous experiment. 
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Great skill was manifested in choosing the experiments and in 
arranging their order. The sequence of the experiments was 
sufficient instruction to most students. The results w$re so 
obvious and the interpretation so easy that most of those who 
saw the demonstration needed no prompting as to the inferences 
and conclusions. Dr. Martin possessed little oratorical skill. 
He was not a successful lecturer. His expositions were by no 
means good accounts of all that is known on a subject. It was 
necessary to work with him to obtain his instruction. The 
student who attended classes with a note-liook in which he 
intended to write all ho meant to learn on a subject found the 
lectures most unsatisfactory. The lesson was not prepared for 
assimilation. The student found that he had to work out much 
for himself. If the student did what was asked of him, he had, 
at the end of the course, a training in the science of the func¬ 
tions of the living organisms. 

From Charles James Martin I learnt of the inductive and de¬ 
ductive methods of analysis. I observed liow experiments were 
employed. I saw how to select an experiment so that some 
precise inference could bo drawn from it. I learnt of physics and 
chemistry and of their use in explaining the behaviour of living 
cells, tissues, organs, and animals. To Charles Hedley I am 
indebted for a different awakening. I was a teacher of some 
years’ standing in the University of Sydney l>efore I became 
acquainted with Mr. Hedley. He was a neighbour, and our 
common interest in this Society led me to cultivate his friend¬ 
ship. I had attended classes in zoology and botany at the Uni¬ 
versity. During my holidays I had wandered through the bush ■ 
or meandered over the rocky shore or beach. Many plants and 
animals attracted my notice, but 1 found my instruction had left 
me ignorant of what they were and how to learn of them. As 
I became acquainted with Mr. Hedley, I formed the habit of 
taking walks with him, and I was soon the pupil of an acoom-, 
plished naturalist. The trees, shrubs and herbs, rooks, birds, 
and insects had a message. I was led to look at them and see 
what they revealed. Until this time, science had appeared to 
me to need incessant analysis. I now saw the science of simple 
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observation. The plants seemed to give me special interest, and 
I stainted to collect those around my home, to notice their con¬ 
struction, and to learn their names from their descriptions. T 
was told for the first time that much could be leamt from noting 
what plants occurred together, or how different plants favoured 
different localities and surroundings. T need not tell you much 
as to how Mr. Uedley made stone, animal, and green plant of such 
interest that 1 had to look at them. Few of you knew Charles 
James Martin, but all of you know Charles Uedley. There 
will be no one in this room who lias not had some words from 
him on natural history, who has not had his attention turned to 
sonic object of interest, and who has not been led by his inspira¬ 
tion to look again at some natural object. Mo naturalist has 
done more for those of us of the younger generation. I think 
some of the older naturalists do not realise how difficult it is for 
the Australian to obtain information about the things around 
him. There in an almost complete absence of simple books about 
our plants or animals. Even the elementary text-books used in 
schools are those of European authors, and deal with European 
forms. It seems to me that there is here an opportunity which 
should not bo missed by those among us capable of supplying 
this information. We need cheap books dealing with the differ¬ 
ent forms of life of our bush, beaches, and waters. Such books 
as have been prepared cover a wide range. They deal with the 
birds, fishes, animals, or insects of Australia. I believe there 
would bo a ready sale for cheap books dealing with the fauna and 
flora of small districts. When I started to examine the flower¬ 
ing plants about my home, I read once again Hooker’s Botany, 
and then used Moore’s Flora of Mew 8outh Wales. J will not 
say how many hours I spent in discovering the name of a plant. 
Mo beginner will find it easy if he has to use Moore’s Flora. 
The classification of plauts depends on clmracters which are not 
readily ascertained. After several weeks, I named B&uera 
rtdivide*, and was materially aided by the presence of eight 
< petals. Observation seems easy to those who have not observed. 

I cannot remember how often it became necessary to revise my 
f description of the characters of a plant. I used to write them 
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out as I recognised them in the plant. When my account was 
completed, I started to find the family, the genus, and the species. 
If T found the correct genus, the rest was comparatively simple. 
How T wished for a book with some figures or diagrams of the 
Hor&l characters of the principal families of plants found in our 
bush! From these labours, T learned to appreciate the value of 
precise observation. T have mentioned plants, but our rocky 
foreshores are alive with animal life, and no one but a specialist 
can learn of them. Butterflies and moths attract many. We 
have a useful book about butterflies, and we would all welcome 
others treating of other kinds of insects. May I hope that the 
day is not very distant when ten or twenty of these useful books 
will have been written. 

On this occasion our thoughts may fittingly turn to our absent 
soldier-members. In addition to those mentioned at the last two 
Annual Meetings, Mr. E. Griffiths, B.Sc., of the Department of 
Agriculture, Mr. Tilley, of the Geological Department of the 
University of Sydney, and Mr. K. B. Oliver, of Auckland, New 
Zealand, have departed for the front during the year, or are pre¬ 
paring to do so. Not only have we not had the pleasure of 
welcoming any of them back during the year, but we have heard, 
with sorrow, of the death of Dene B. Fry, one of our promising 
junior Members. 

Four Ordinary Members have been elected during the Session, 
two resignations have been received, and three Members have 
been lost by death. 

Dene Barrett Fry, killed in action in France, on April 9th, 
1917, aged 23, was the first of our Soldier-members to fall. He 
was a rising young biologist of great promise, elected a Member 
in 1913; and his loss is greatly to be deplored. His training 
began at the Australian Museum, oh & cadet, in 190K, where he 
remained until 1914. When the war broke out, he was a student 
at.the University, and a demonstrator in zoology; but he gave 
up his University work in order to enlist, joining the Army 
Medical Corps in May, 1915. After two voyages in a hospital- 
ship, he transferred to the Infantry, qualifying for the post of 
lieutenant. But as there was no vacancy available, he left for 
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the front with reinforcements, as sergeant. After some time 
spent at Salisbury Plains, his regiment was sent to France, where 
he took part in several engagements. His last contribution to 
science, “Description of Aphantvphryne , a new Batrachian Genus 
from New Guinea,” and his only one to our Proceedings, ap¬ 
peared in the volume for 1916. Ten other papers dealing with 
reptiles or amphibia were published in the Records of the Aus¬ 
tralian Museum (1912-13), in the Memoirs of the Queensland 
Museum (1913), in the Records of the Australian Museum (1913- 
14), and in the Proceedings of the Royal Kociety of Queensland 
(1915). 

Dr. Thomas P. Lucas, one of our Senior Members, elected in 
1861, died in Brisbane on November 15th, 1917, in his 75th 
year. He caine out to Australia in 1876; and after practising 
his profession in Melbourne for ten years, he removed to the 
warmer climate of Brisbane, where he continued to practise up 
to the time of his last illness. He was especially interested in 
Lepidoptera, an enthusiastic collector, and the possessor of a very 
fine collection. 

Alfred John North, another Senior Member, elected in 1886, 
died on May 6th, 1917, aged 61. lie came to Sydney from 
Melbourne in 1886, and became associated with the Australian 
Museum, as Assistant in the Zoological Department, to under¬ 
take the preparation of a “Descriptive Catalogue of the Nests 
and Eggs of Birds found breeding in Australia and Tasmania” 
(Catalogue No. 12) which was published in 1889. In 1891 he 
was appointed Assistant in Ornithology. He was the author of 
numerous papers published in the Records of the Australian 
Museum, and other Journals, including the Society’s Proceedings. 
But his most important contribution to ornithology was Special 
Catalogue No.l of the Australian Museum, being a second and 
much enlarged, well-illustrated edition of Catalogue No, 12, 
entitled “ Nests and Eggs of Birds found breeding in Australia 
and Tasmania,” in four quarto volumes (1901-14). Mr. North 
was a keen observer of bird-life as well as a voluminous writer; 
and he frequently exhibited specimens of interest at our Meet¬ 
ings over a long period. 
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The year's work of the Society's research-staff may be sum¬ 
marised as follows:—Ur. R. Greig-Bmith, Mad cay Bacteriologist 
to the Society, contributed two papers during the Session, which 
have already appeared in Parts i.-ii. of the Proceedings for 1917. 
One, the fifteenth of his series of contributions to a knowledge 
of soil-fertility, dealt especially with the action of certain micro¬ 
organisms upon the number of bacteria in the soil; and the other 
was descriptive of an improvement in the technique of the single 
cell cultivation of yeast. He also completed the sixteenth 
of the series already alluded to, which is concerned with the 
search for toxin-producers. Certain soil-bacteria, moulds, and 
amcebie, all reasonably supposed to be capable of furnishing sub¬ 
stances of a toxic nature, have been grown in various media and 
under varying conditions, and, in all cases, the signs of toxicity, 
which become manifest, can be attributed to an alteration in 
in the reaction of the media. The effect of reaction is quite of 
a different order from the evidence of toxic action obtained in 
former researches. 

Dr. Petrie, Linnean Macleay Fellow of the Society in Bio¬ 
chemistry, contributed three papers, which are contained in Part 
h of last year’s Proceedings. One of them' was a Continuation of 
liis investigations on the occurrence of hydrocyanic acid in plants 
(Part iii.), aud furnished a record of some new cyanogenetic 
plants. The other two treated, in an exhaustive manner, of the 
chemistry of the Duboisias, and the alkaloids of Duboitria Leich - 
kardtii. Additional subjects which occupiod his attention were 
certain quantitative problems of cyanogenetic plants, the de¬ 
termination of the amount of hydrocyanic acid capable of being 
obtained from these plants by fermentation, and the isolation of 
the gluooside of Hetei*odendron i one of our most fatal stock- 
poisons. 

Mr. E. F. Hallmann, Linnean Macleay Fellow in Zoology, con¬ 
tributed a paper descriptive of the genera Bchinaxia and Rhab- 
dfmgmOy which was published in Part ii. of last year’s Proceed¬ 
ings. He also had under consideration a paper embodying 
a reform in the classification of the D^macidonidc^ a rather 
troublesome family to the systematise At theend of the month, 
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Mr. Hallmaiui given up his Fellowship to engage in other work. 
We wish him all success in his new sphere. 

Mr. R. J. Tillyard, Linnean Macleay Fellow in Zoology, con¬ 
tributed eleven papers during the Session, of which seven have 
already appeared in Parts i.-iii. of the Proceedings for 1917; two 
others will be found in the forthcoming Part iv. of the same 
volume; and the remaining two will be read at an early Meeting. 
Three of these papers dealt with the Odonata, four with fossil 
insects, one each with the Orders l^epidoptem, Planipennia, and 
Mecoptora respectively, and one with the neuropteruid fauna 
of Lord Howe and Norfolk Islands. The researches upon 
the breathing-apparatus of the larva* of Odonata were com¬ 
pleted ; the work begun upon Australian fossil insects made 
considerable progress ; and a start was made with the study 
of other neglected Orders. A considerable amount of work was 
carried on in the investigation of the Orders comprising the 
“Panorpid Complex,” namely, the Mecoptera, Planipennia, 
Megaloptora, Trichopteru, Lepidoptera, and Diptera, with a 
view to the elucidation of their phylogeny, and inter-relation¬ 
ships. In making a careful study of the Jugate Lepidoptera, 
in this connection, Mr. Tillyard recently made the important 
discovery, that five genera of the Family Mici'opterygidt* have a 
wing-coupling apparatus not of the jugate type found in IJepia- 
lidaiy as has hitherto been supposed, but of a more primitive, 
jugo-frenato type, closely resembling that found in the Plani¬ 
pennia and Mecoptera. On the hindwing, uear the base of the 
costa, there is a strongly developed frenulum of from two to six 
hustles, which becomes engaged, during flight, in the sinus 
formed between the base of the dorsum of the forewiug and the 
so-called jugum; this latter is bent under the forewing, with its 
apex pointing outwards and forwards, and acts as a retinaculum 
for the frenulum, and not in any way as a jugum or “yoke’ 1 for 
the costa of the bind wing, as it does in JJepialidai. 

Dr. H. H. Halcro Ward law, Linnean Macleay Fellow in Physi¬ 
ology, completed the first part of an elaborate study of the 
variability of cows’ milk, which will appear in the forthcoming 
£trt of lost year’s Proceedings. This dealt with the variations 
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and properties of samples of afternoon-milk from 109 normal 
cows, kept in connection with a Government Institution solely 
for the supply of the inmates, and not for profit. It is of interest 
to note that about 40 per cent, of the samples contained a per¬ 
centage of solids not fat below 8*5—the standard for the per- 
ceentage of solids not fat in all the States of the Commonwealth, 
and in England. Dr. Wardlaw has in contemplation the con¬ 
tinuation of this important investigation, the extension and con¬ 
tinuation of some work of a similar character upon human milk 
carried out by him in 1914, and to subject to a more detailed 
examination certain questions suggested by his work on the 
chemistry of respiration. 

In response to the Council's invitation for applications for* 
Fellowships, 1918-19, only three applications were received; and 
I have now the pleasure of making the first public announcement 
of the Council's re-appointment of Dr. J. M. Petrie, Mr. R. J. 
Tillyard, and I)r. H. 8. H. Wardlaw to Linnean Macleay Fellow- 
nlups for a period of one year from 1st proximo; and, on behalf 
of the Society, of wishing for them a fruitful research-period. 

The concluding Part of the forty-second volume of the Pro¬ 
ceedings is nearly ready for issue. The complete volume (926pp., 
60 Plates, and 196 text-figures) will contain thirty-three papers, 
two of which have been divided for convenience on account of 
their length. Six papers exceed 40pp. (43-82 pp. in length); and 
sixteen of them were contributed by members of the Society’s 
research-staff. 

The war’s interference with our exchange-relations with 
Societies outside the Commonwealth, continues in an aggravated 
form. We have heard from fewer Societies, and there has been 
a marked falling off in our receipts during the year. Even 
Societies in the United Kingdom are finding it advisable to sus¬ 
pend their despatches for the present, in order to avoid the risk 
of losses. The total number of exchanges received during the 
Session 1916-17 amounts to 846 additions to the library, received 
from 136 Societies or Institutions, <fec., and five private donors, 
as compared with 1286 (1913-14), 1028, 1243, for the three pre¬ 
ceding Sessions. The Society is much indebted to the Public 
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Library of New South Wales, for a special donation of some 
partial sets of Anthropological publications, comprising 34 com¬ 
plete vols., 37 incomplete vols., 39 Bulletins, and 11 Reports, 
issued by twelve Societies, not previously contained in the 
Society’s Library. 

If I have spent sonio time on personal topics, T hope that you 
will pardon me. They will serve to turn your attention to two 
different kinds of scientific knowledge. The educationist* of this 
State have laid stress on the analytical sciences, mathematics, 
physics, and chemistry, and have, j>erhaps unwittingly, under¬ 
valued the biological sciences. The student in our Universities 
is forced to learn the analytical sciences, and is handicapped if he 
wishes to study zoology, Ixjtany, and geology. Some have advo¬ 
cated extending this handicap to the teaching of these sciences 
in schools. I am still a young man, and T remember well the 
frequent expression of the wish that the student entering the 
University should have had no previous instruction in science. 
A liberal education at school with no science was to be the 
prelude to specialism consequent on learning a little chemistry or 
physics. The people of this State owe to Mr. Peter Board, 
C.M.G., Director of Education, the adoption of that great prin¬ 
ciple of toleration, of suiting the subjects to the inclination of 
the child. Instead of trying to teach all children the same 
subjects, the child may select a certain proportion of the subjects 
to be studied. Lately an attempt has been made to influence 
the child’s selection by giving different marks to different subjects 
at the examinations for leaving certificates. As free education 
at the University is granted on the results of this examination, 
it is obvious that those desiring better education will only learn 
subjects carrying the highest numbers of marks. What we seek 
in this State at the present time is the opportunity to study the 
natural objects that interest us, without hindrance. When we 
plead for freedom in the choice of subjects in education, we 
desire that those in schools may be taught those subjects which 
attract their attention and hold their minds. We protest 
against the suggestion that any study of natural objects bespeaks 
Jl worship of materialism destined to wreck the progress of our 
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evolution. A brighter day for science has already dawned 
within our University. The unfair influence exercised upon the 
boy or girl leaving school and entering the University, by the 
scanty recognition granted to any study of scientific objects, has 
been done away with. It is seen that it is possible in Australia 
to train students well in science without forcing them to go to 
Europe and become hound by European traditions. The force 
of these traditions is seen in our University with its mediaeval 
architecture. The scientific departments of British Universities 
are housed in badly lighted rooms because they have had to 
accept the buildings handed to them from the Dark Ages. In 
this countiy, it is ridiculous to build a laboratory for micro¬ 
scopical study, in which many students have to work, and fit 
it with narrow, arched Gothic windows because our foivfathers 
revered such building. In Great Britain the modern laboratory 
is built to facilitate the investigation that is to take place within 
it. Here we are told that artificial lighting is most suitable for 
microscopical study, but are left to get what light we can from 
long, narrow windows twenty to forty feet away from the mirrors 
of the microscopes. 

May I remind yon what a small company we arc here in New 
South Wales. We number among us practically all those dwell¬ 
ing in this State who are engaged in increasing our knowledge 
of the living objects of Now South Wales. Surely we should aid 
each other in learning of our flora and fauna. Some seem to 
consider that our work consists in writing and publishing the 
results of their own inquiries. The papers embodying these 
observations and investigations appear in our Proceedings. They 
may be read in the printed parts. There is another and quicker 
method of imparting information. When a Member describes 
to us his work, his personality adds interest to his description, 
and we easily become acquainted with his results. A few well 
chosen remarks on an exhibit will cause every one to examine 
what is shown to them. We would all be pleased if every Member 
attending our meetings would bring some object of interest to 
himself and explain that object and its interest to his *fellow 
Members. In this way we can all acquire a better acquaintance 
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with natural history. Discussion loads to clarity in our ideas, 
and assists in formulating our scientific conceptions. During 
last year, wo had some discussion on the characters of hybrids. 
The discussion was brief, but it helped us to understand better 
how we were to recognise hybrids in the plants around us Wo 
should not be always waiting for those in Europe to lay down 
the principles on which we are to work. These are problems 
which can be studied more readily in Australia than elsewhere. 
The separation of Australia from the other groat land-masses and 
its isolation for long epochs have affected the characters of our 
animals and plants. I hope that our Council will promote dis¬ 
cussions of the general questions to the study of which contri¬ 
butions are made in the monographs of our Members. Two 
such discussions might well lw arranged each year. 

Jf I have spent some time in making more precise my concep¬ 
tion of the essential features of scientific work, I have been 
desirous of ensuring that there is no misunderstanding upon thiA 
point. We are now in the fourth year of the insensate war 
which is devastating more and more of Europe. We recognise 
that we must utilise?our resources of men and material in the 
most economical and advantageous manner if we are to emerge 
victorious from the struggle. We have learnt that it is our duty 
to give the best of our manhood in the prime of life for the 
service of our country, not counting what the sacrifice may 
involve personally. We give our savings to provide for the cost, 
whioh shows still a tendency to increase to a greater daily ex¬ 
penditure. We endeavour to do what we can in personal service 
to assist in defeating our enemies. We have heard much of our 
duty to our country, but we have heard very little of the duty of 
the Government of this Commonwealth to use men, money, and 
training to its full extent. I suppose that no one asserts that 
this war has revealed the ability of the Government to place 
each man and woman whose services have been put at ita dis¬ 
posal in the position in which the training and experience of the 
individual can be fully employed. I have looked along this table 
from riionth to month and thought how few of our Members are 
utilised in ways in which their special training can be of service 
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to the community. Surely it cannot be true that the years of 
observation and experiment have made our members useless to 
the Department of Defence. 1 am aware that the habit of 
casting ridicule upon Dr. Dry-as-dust existed in the past. I 
know that it is still common to hear jokes at the expense of the 
naturalist, but I thought that those raised to authority were 
acquainted with the fact that science can play a jHirt in every 
phase of work in Australia in connection with the War. Some have 
affirmed that the recognition of the importance of Science will 
be one of the permanent Ixmefits conferred on our nation by the 
war. It is perhaps difficult to imagine any benefit given us by 
the war, which has caused such unspeakable misery and sorrow, 
yet we can understand the statement. Whether there is any 
greater use of Science made in Europe, 1 cannot say from personal 
knowledge, but J can remind you that there are few evidences in 
this country of a much greater employment of those possessed of 
scientific training. It is true that the Federal Government is 
using the services gratis of a small number of scientists who 
devote the time that is not taken up with other duties to some 
investigation. The Council of Science and Industry supplies some 
money towards the cost of this research work. This is a step in 
the right direction, but that is all. When we say that greater 
use should be made of Science, we do not mean that some par¬ 
ticular method should be employed, but that every problem 
should be studied by the means adequate to give the solution. 
In connection with the war, we find much evidence of the failure 
to use scientific methods. The whole number of those who have 
spent time and trouble in acquiring knowledge of Nature is a 
very small fraction of the population. Even this small number 
has little to do. It has been said that it looks as if our 
authorities regarded scientific training as a disqualification rather 
than as a qualification. I do not suppose that there is any desire 
not to use the experience and learning of scientists, but I do 
think that the majority of our community are quite unaware of 
the scope and character of scientific knowledge. The scientist 
cannot replace the practical man who is managing a business or 
dealing with some particular problem, but he can Supply informa- 
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lion, and he can make observations to provide facts on which the 
practical man can work. A scientist does not make, as a rule, 
what is known as a good business man. I think it unlikely that 
he ever will, hut I think a study of the uses made of Science in 
the last century will teach any one who will examine the question 
that information obtained by scientific study has been of in¬ 
calculable value to the community. Our Government does not 
especially need advice and direction from scientific persons, and 
there are so many ready to offer this. It needs scientific workers 
who will obtain accurate information by making studies on the 
problems of the hour. Each scientific worker can only do a little. 
It takes a long time to make precise observations and to conduct 
experiments. Let me take an illustration. There are millions 
of bags of wheat stored in Australia. Insects, fungi, and other 
forms of animal and plant life are destroying that wheat. If 
every zoologist now in Australia worked for a century upon that 
wheat, there could be no thorough examination of the whole of 
it. To examine the contents of oven a million bags would require 
a very great time. To determine where an insect or fungus 
came from, how its growth was favoured by various circum¬ 
stances, what is the life-history, and at wlmt stage in its devel¬ 
opment can the destructive agent l>e destroyed so that it does 
not reach the wheat, would take many months. I do not want 
you to think that I exaggerate. May I remind you that it 
took many men and many years to obtain some information 
about the moBquito in its relation to malaria, that to-day we 
are not in a position to prevent those of our soldiers who go to 
New Guinea and elsewhere from acquiring the disease by the 
bite of the mosquito, and that it has taken several years to obtain 
even a little knowledge of the different mosquitoes scattered over 
a small portion of Australia? There is an opportunity for every 
zoologist in Australia with some acquaintance with entomology, 
and for every botanist with Borne knowledge of fungi, to be of 
service in saving some of that wheat. Is there no way in which 
the Defence Department can be informed of this simple tact? Is 
it better that many of these trained zoologists or botanists should 
be* doing none of that work for which they are specially fitted in 
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relation with the war. It surely cannot be true that we have 
such a vast surplus of food that it is unnecessary to take these 
steps to preserve this wheat against loss. Further, it cannot bo 
true that we know so much of the insects and fungi in this wheat 
that further knowledge is unnecessary. J believe that the De¬ 
fence Department has already at its disposal the services of those 
who can advise it what to do when the knowledge of what insects 
and fungi are present has been obtained. May T invite all the 
Members of this Society to assist in making these facts known? 

I have often thought that the scientific experts in the State 
and Federal services do not make the authorities, under whom 
they work, aware of what a small amount of scientific investiga¬ 
tion can be done by one person. We have a State Entomologist 
who sets us an example of industry and devotion in the way in 
which his whole life is dedicated to the study of insect life. I 
am, however, amassed at the range over which his advice is sought. 
He is expected to report and advise on matters in a few weeks 
when months of research would pral>ably only serve to reveal 
the nature of the problem to be attacked. Even if we had 
twenty entomologists as learned as Mi'. Froggatt in the ways of 
insects, we would be aware that all the twenty naturalists could 
go on working for many years without exhausting the possibilities 
of research in insect life. Does not the work done by all the 
entomologists of the world in the century that has passed only 
serve to show us what remains to be done? Are we not all like 
Newton, when he remarked that he was as an infant playing 
with a few grains of sand with the whole ocean before him yet 
to be explored? 

The community has little appreciation for the labours of those 
seeking the advancement of knowledge of Natural Phenomena. 
The man who could supply a pound of tea to every person on 
this globe of ours would gain an immense fortune. Lister, who 
did something to diminish the suffering of every living person, 
and who was, perhaps, better rewarded than most other scientific 
men for his discoveries, had much less reward than any really 
successful man of business. Have not scientists some right 
to ask more encouragement from their fellows? Most of us 
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have mode our scientific 'observations in our leisure time. Even 
those of us employed in our Universities soon learn from 
those under whom we work that teaching and not scientific 
investigation is what the University demands. We learn that 
it gives greater satisfaction if no scientific research is done, since 
the absence of scientific investigation shows that there cannot 
have been any leisure time in which it could be done. It is only 
a few years ago that the Senate of the University of Sydney 
was informed by the President of the Professorial Board that 
only those with leisure from teaching duties did any research 
work. The attitude of official discouragement should be re¬ 
moved. Tt seems to me desirable that young graduates should 
be promoted mens often when they do research work. Some 
have seen those who have never made a single original observa¬ 
tion placed above others who have spent three or four years in 
research after graduation. We often find the attitude that it 
were better that a problem lie not studied at all than that we 
should study it. J once suggested to tho late President of the 
Hoard of Health that it would be a fortunate day when every 
town in New South Wales was the home of one biochemist making 
investigations in rcspeet to the people’s food. To my surprise, 
his answer expressed the hope that not a single biochemist 
would meddle with the affairs of the Department of Public 
Health. The opinion is held by many holding positions in the 
educational and professional services that it is better that 
scientific research should not be dono at all than it should be 
done by Australian graduates or by those trained in this country. 
Many of the Members of this Society will have had experience 
of the contempt for their capacity, training, and public utility 
exhibited by some holdipg high official stations in our University, 
our Department of Public Instruction, our Civil Service, and our 
learned professions. Scientific research is little regarded. Few 
attempts are made by the official bodies connected with scientific 
work to assist the progress of investigation. The research 
student finds that it often takes longer to fight for the material 
with which he wishes to work, in order that he may have the 
opportunity to conduct his research, than to carry out the actual 
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work of investigation. The research student learns that his in¬ 
vestigation is regarded as a personal matter, and that the time 
taken in its performance is considemJ misspent, since some of 
the experiments may have been done in the hours for which he 
is presumably paid by the University or Htate. Australian 
graduates are considered by some of the official heads in our 
Universities as required only for the “teaching of the drill-work.” 
The graduate who does research work rather than this drudgery 
need expect no promotion in some of the Departments of our 
University. Surely this is a poor policy in our educational 
development. Ability to do research work is not commonly 
found. The desire to carry it on continuously is even less fre¬ 
quently present. The pownr of directing investigation in others 
to a successful conclusion is one of the rarest accomplishments. 
These facts are well known to the members of the Senate of our 
Universities, to the heads of our I Apartments of Health, Mines, 
Agriculture, and Education, to the mem tars of the State Com¬ 
mittees and the Executive Committee of the Federal Advisory 
Council of Science and Industry. Why is it ho difficult to pass 
from opinion to practice in these matters! Why is there not 
a better attempt to ensure that every scientist in New South 
Wales who shows that he can train students to become mure 
efficient investigators, has as many students os possible brought 
under his influence! Not infrequently after years of labour in 
building up a laboratory and a team of workers, the investigator 
is driven to cast aside what has been done, to provide himself with 
an income sufficient for his needs. 

The naturalist is not only interested with the structure of 
dead animals and dried plants, hut lie spends his time in learning 
of the behaviour of living animals and plants. Hiving animals 
and plants seem endowed with attributes not found among inani¬ 
mate objects. Life is associated with a definite form of con¬ 
struction. If we cut a thin slice of a rock and recognise tliat 
the rook is built up of inorganic material arranged to show a 
body-wall and nucleus, such as are found in vegetable or animal 
cells, we know that we are looking at the petrified remains of 
what was once alive. Not only so, but if we find any substance 
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composed of certain chemical compounds, as proteins, carbo¬ 
hydrates, or fats, we are aware that this material has been part 
of the animal or vegetable body. Life is thus associated with a 
particular architecture built with characteristic chemical sub¬ 
stances While the qualities and properties of living things ap¬ 
pear so different from those of lifeless matter, the biochemist soon 
discovers that all living things are constructed from lifeless sub¬ 
stance. As an animal or plant grows, it adds to its bulk material 
from the inanimate world. All the carbonaceous material in the 
protoplasm of the cells of all living objects contains carbon once 
diffused through the atmosphere as carbon dioxide. For a brief 
period this carl>on is found in some animal or plant. Perhaps it 
in the green leaf of a growing wheat-plant. A few weeks later, 
it lies in the golden grain. The farmer harvests that grain and 
sends it to the miller. The same carbon is part of a particular 
sack of flour, delivered to a baker. It is portion of some loaf of 
bread eaten by John Hrnitli. ft is the carbonaceous constituent 
of glucose in the blood of John Smith. It is combusted in some 
part of John Smith’s body, and it is dissolved as carbon dioxide 
in his blood. It diffuses through the epithelium of his lungs. It 
goes out again into the atmosphere in the expired breath of the 
individual. Horne day it will be taken up by another plant, and 
so on in an endless cycle. It is difficult to suppose that this 
carbon becomes endowed with new qualities while it lies in the 
living tissues of the animal or plant. It is necessary to seek some 
other explanation of the characteristic properties of living things. 

It has long been obvious that animals and plants make the 
chemical constituents of their bodies from raw materials by dif¬ 
ferent processes from those used in the chemical laboratory or in 
the factory for the manufacture of similar substances. Heat and 
pressure, so freely used in the synthesis of bodies akin to those 
found in living things, play no pari in the manufacture of starch, 
fat, or protein in a plant. We have a diin idea that those in¬ 
tangible materials, known as ferments, are chiefly concerned with 
vital synthesis* In fact, the presence of ferments and the capacity 
to produce ferments appears to be one of the most distinctive 
chemical characters of living matter. Foments bring about 
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decompositions and incite combinations under the conditions 
favourable to the continued life of animals and plants. We sow 
a wheat-seed, presumed to contain minute amounts of a number 
of these ferments, and from the fully grown wheat-plant we can 
obtain a greater degree of ferment-activity. The powers of these 
ferments do not differ from those possessed by lifeless chemical 
substances under certain conditions. Most chemical substances 
appear capable of bringing about decompositions or combinations 
in other bodies in the same way and under analogous circum¬ 
stances as do the ferments from living tissues. When acting in 
this manner, these substances are called catalysts. Chemists do 
not, however, suppose that platinum black inciting the union of 
hydrogen with oxygen contains some unknown ferment. The 
sulphuric acid which brings about the decomposition of cane 
sugar into glucose and lievulose is presumed to be chemically pure 
sulphuric acid. Chemists are beginning to recognise that cata¬ 
lysts are not a group of substances possessed of these special 
qualities, but that many, if not all, chemical substances can act 
as catalysts under particular conditions. Evidence is accumu¬ 
lating to show that it is on the arrangement of the particles, 
molecules, or whatever we may call the minute masses of the 
substance, that the capacity to act as a catalyst depends. The 
physical state of a substance rather than the kind of matter of 
which it is formed, confers catalytic activity. There appears to 
be no reason to infer that the catalytic actiou of the extracellular 
and endocellular ferments found in animal and vegetable tissues 
has a different basis. 1 have always been impressed by the fact 
that the power of an extract of an animal or vegetable extract 
to aot as a ferment was abolished by those agencies which pro¬ 
foundly alter the colloidal state of proteins and lipoids. The 
attempts to identify the unorganised ferments as a special class 
of chemical substances have invariably ended in failure. May 
we not look for better progress along other lines of investigation! 
The study of the position of the particles composing inorganic 
crystals has given us an insight into the arrangement of the 
atoms or ultimate particles in the molecule. The crystals of 
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proteins and fats have nut yet been examined in the same way. 
May we not hope that these studies may be extended in con¬ 
nection with fermentative activity? 

The functions of living matter have been the object of that 
branch of science in which I have been a student. The aim uf 
the physiologist, is to explain the behaviour of living things in 
terms of the mechanical, physical,chemical,and psychical sciences. 
It is believed that progress is at present possible if an endeavour 
is made to reduce biological phenomena to physical and chemical 
problems. Living things are built from inanimate matter, and 
the attributes of living things are the expressions of the pro¬ 
perties of matter. I am aware that such a belief is condemned 
as materialistic. I must confess, however, that I see no diffi¬ 
culty in supposing that, as heat, light, magnetism, and electricity 
are qualities of the arrangement of matter, the psychical qualities 
of the higher forms of living things are likewise material. 
Heat apart from matter does not exist. Why should we suppose 
that memory and thought exist apart from some matter in the 
living organism? Whoever will become acquainted with the 
history of physiological knowledge will find that progress is 
represented by the explanation of a greater number of the func¬ 
tions of animals and plants in terms derived from the study of 
physics and chemistry. On such a conception, there is no such 
thing as inanimate matter, though there may be lifeless objects. 

With these ideas in your mind, I invite your attention to the 
problem of variation as exemplified in the different functions of 
each kiud of animal and plant. For many centuries, naturalists 
had believed that each kind of animal or plant was endowed 
with unchanging characters. The fixity of speoies was con¬ 
sidered axiomatic by soologists and botanists. Darwin and his 
followers have demonstrated to us the progressive evolution 
from one form to another in animal and plant. Every animal 
and plant showed a certain degree of variation in its characters. 
Some of these characters favoured the living organism in its 
struggle for existenee, others rendered it less able to cope with 
the conditions of environment. Some organisms survived longer 
and had a better chanoe of reproducing their kind, others died 
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early and had less opportunity for transmitting their peculiar 
qualities to their descendants. It is well known that the off¬ 
spring of any organism possess, in general, similar external 
characters and biochemical properties to their parents. The 
mechanism by which the resemblances and variations were 
brought about received little study in the last century. Indeed 
it was held by most biologists that environment had little in¬ 
fluence on the qualities of the different generations of any race, 
however much it might affect the individual in a particular 
generation. It was denied emphatically by the Darwinian evo¬ 
lutionists that the conditions of the environment could produce 
new characters in the descendants of any individual. While 
naturalists, in general, held these views, there were notable dis¬ 
sentients from these doctrines! Physicians, who have many 
occasions for observation in this held, have in general believed 
that some acquired characters can be transmitted to the offspring. 

The progress of knowledge is showing us that the question of 
the inheritance of acquired characters no longer interests this 
generation in the form in which it attracted the previous genera¬ 
tion A wider acquaintance with the qualities of a living thing 
has led us to have a more comprehensive idea of inheritance. 
Differences that seemed insurmountable to older generations are 
no longer differences to us. We can produce an artificial immu¬ 
nity to some particular chemical substance, and we find that this 
immunity can be transmitted permanently to the race. We can 
cause an animal or plant to acquire new characters, which seem 
to become fixed characters in succeeding generations. We find 
that the characters of animals and plants are much more labile 
.than had been supposed, and that it is a comparatively easy 
matter to engraft some new qualities upon them. There are 
limits to what can be done, but we have not yet fathomed what 
can be accomplished. It may be of interest to you to consider 
how some of these changes can be produced. 

We may take as an example the control of some of the quali¬ 
ties of micro-organisms which arc known to have such intimate 
relations with the existence of more differentiated animats and 
plants. The behaviour of yeasts in connection with the oonver- 
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sion of glucose into alcohol and carbonic acid gas, the so-called 
alcoholic fermentation, will serve for this purpose. The ferment¬ 
ation of sweet liquids has attracted some attention from every 
generation of natural philosophers. The slow accumulation of 
real knowledge is illustrated by the fact that we have no record 
of any observation, current in our descriptions of the process, 
before the end of the seventeenth century. Until that date, it 
was thought that the spirit of the liquid made its escape in the 
heaving struggle of the bubbling liquid. Van Helmont identi¬ 
fied the gas vinorum escaping from the fermenting liquid with 
the gas sylvestre found in woods and caves or freed from marble 
by acids. Becher observed that only sweet liquids underwent 
this change Leeuwenhoek, indeed, saw the countless myriads 
of particles with his microscope, but did not connect their 
presence with fermentation. Another century rolled by before 
JAvoisier made use of the balance, and discovered that sugar is 
split into approximately equal parts of alcohol and carbon 
dioxide. Cagniard La tour, using a better microscope, noted in 
1831 that the yeast particles multiplied hy budding, and that 
they were living plants. He suggested that the growth of these 
plants occasioned fermentation. Theodore'Schwann came to 
the conclusion that fermentation was brought about by the 
entrance of living micro-organisms into the fermenting liquid. 
Liebig denied the relation of the yeast-plants to the process of 
fermentation. He drew & humorous picture of the yeast cell 
equipped with its still and condenser, furnishing alcohol and 
blowing off gas. He asked whether such scenes were really 
visible through the microscope. Later he accepted the yeast- 
cell as a living plant, but affirmed that its presence had nothing 
to do with the occasioning of fermentation. Pasteur showed 
that the sugar was split in the body of the yeast-plant, and 
attributed this decomposition to the vital powers of the living 
cell. Buchner demonstrated that an unorganised ferment could 
be separated from crushed yeast-cells, and that this lifeless body 
decomposed glucose into alcohol and carbon dioxide. It has 
taken more than two hundred and fifty years to gain this infor¬ 
mation. To those of you who know little of fermentation, our 
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knowledge seems very complete. The agent for decomposition 
is made in the body of the yeast-plant, in which it remains. The 
sugar enters the yeast-plant and is split into roughly equal 
weights of alcohol and carbonic acid gas. To those who have a 
more extended acquaintance with these objects, it is obvious 
that much more has to be learnt. We are not aware how the 
sugar is split into alcohol and carl>on dioxide. The arrange¬ 
ment of the carbon, hydrogen, and oxygen in glucose does not 
make it easy to imagine a decomposition into alcohol and carbon 
dioxide. Further, we ha\e some knowledge that, without other 
agencies, such as the presence of salts of phosphoric acid, no 
decomposition of sugar can be accomplished by the ferment. 
Time will undoubtedly reveal other aspects of this phenomenon 
at present entirely unsuspected. 

The process of fermentation has not only a scientific aspect. 
It forms the basis of some manufacturing industries of great 
antiquity The preparation of wines, beers, and spirits is an 
application of this fermentation. Yeast is also used commer¬ 
cially in the manufacture of wheaten bread. In making bread, 
bakers mix flour, water, and a little salt with a small quantity 
of a specially prepared yeast at 28'3°G. The dough thus formed 
is kept warm, when it swells to three times its original volume. 
At the present time, doughs stand about nine hours in the 
troughs to ripen. With a greater amount of yeast, doughs ripen 
more quickly, and the time of waiting for the distended dough 
can be diminished. It is also found that a quantity of one yeast 
may be much more efficient in liberating gas in the dough than 
the same weight of another yeast. The yeast obtained by the 
brewers of beer in such large quantities, will not ripen a dough 
in the time required by a baker, even when used in large quan* 
titiee. A yeast has to possess special characters if it is to bring 
about alcoholic fermentation rapidly in a baker’s dough. At 
one time it was supposed that some strains or races of yeast 
were capable of multiplying freely in a baker's dough, while 
others could not breed quickly under these conditions. It was 
supposed that it was necessary to search for these yeasts in 
nature and cultivate them. The capacity of fermenting doughs 
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at some suitable speed was considered a fixed character of each 
race of yeast-cells. It was thought that the cultivation of the 
progeny of an individual possessed of this quality would produce 
a race with the desired properties. In practice, bakers found 
that it was impossible to continue the cultivation of a particular 
strain of yeast, as the fermenting power appeared to undergo 
deterioration, Every few weeks, a baker started a new stock of 
yeast. Failure in maintaining suitable yeast by continued culti¬ 
vation was ascribed to contamination of the stock by unsuitable 
yeasts. When I started my study on yeasts for the Advisory 
Council, I thought that my task was to isolate suitable races of 
yeast-cells and then to cultivate them under conditions which 
would prevent contamination with unsuitable yeasts. I hoped, 
indeed, to isolate the strains that I needed by physiological 
means rather than by bacteriological separation and the routine 
examination of the progeny of hundreds of individuals, but I 
did not imagine that I was going to find that any race of yeast 
could be taught in a few days to ferment glucose quickly in a 
baker's dough. Without going into details, 1 may say that I 
found that any yeast of the species Saccharvmycea ctrevittiot, 
growing under certain conditions in a baker’s wort, caused rapid 
evolution of carbon dioxide in a dough. These conditions, as 
far as I could define them, were a temperature less than that of 
dough, aeration with a plentiful supply of air, the presence of 
certain extractives from flour, the presence of certain substances 
from hops detrimental to the growth of acid-forming bacteria 
and a particular concentration of the sugar and other products 
of malted starch. These conditions were so favourable to the 
growth of yeast that in the bakehouse of the Technical College^ 
Sydney, Mr. F. Elliott was able to keep one strain of yeast for 
makiug bread for almost six months. This yeaBt was so active 
that two and a half ounces of the moist yeast ripened four 
hundred and ten pounds of dough in six hours. If any of the 
conditions in the wort were altered, the yeast rapidly became 
quite unsuited for making bread. 

The manner in which the yeast is selected may be conceived 
in two different wayB. Each yeast-cell buds off daughter-oeUs 
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Some of these may possess a greater capacity for fermenting 
glucose in a dough than others. The conditions may favour a 
more speedy multiplication of these desirable cells. In this way 
the resulting yeast would be made up of a larger number of cells 
capable of inducing fermentation in the dough. On the other 
hand, we can suppose that the yeast-cells all become so altered by 
their environment that they can ferment the glucose in the dough 
more rapidly. Jt is not possible to explain wit)) certainty just 
what happens in this process. By cultivation from a single cell, 
yeast suitable for a baker can be obtained. It is therefore clear 
that tho desirable yeast may be selected from the progeny of a 
yeast not endowed with the required qualities. A similar 
selection is made in the dough. This explains the rapid ripening 
of doughs made with “ sponges.” The elucidation of what 
happens is made clearer by study upon other organisms. 

When the Bacillus coli communis is grown m a nutrient liquid 
containing glucose, both acid and gas are produced by the fer¬ 
mentation of the glucose. The gas consists of carbon dioxide 
and hydrogen, ajid the acids which are liberated, comprise lactic, 
acetic, succinic, and formic acids. It has been found by W. J. 
Penfold that strains af Bacillus coli communis which do not pro¬ 
duce gas from glucose, can lie isolated by cultivation in the 
presence of sodium mono-chloracctate. These races differ from 
the typical parent-stock in their fermentative character on 
glucose, and no individual member of the selected race appears 
to retain the action of the typical parent micro-organism. The 
presence or absence of the quality of liberating gas enables us to 
recognise that, in the production of this character, every indi¬ 
vidual of the selected race exhibits the altered function. If a 
number of selected races are examined, it iB, however, noted that 
some show a complete absence of the gas-forming quality, while 
others still retain more or less activity in this direction. The 
careful studies of Egerton Gray have enabled us to learn some¬ 
thing of the enzymatic changes which accompany this selection. 
The estimation of the amount of the different products of the 
decomposition of glucose supplies evidence to demonstrate that 
lactic acid is formed in greater amount, and acetic acid, formic 
acid, and alcohol in less amount, by the selected strains than by 
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the typical micro-organism. Evidence has also been obtained 
to show that the failure to ferment glucose is associated with the 
absence (or diminution) of the reducing ferments in the cell. In 
this way, the intermediate substance front which formic acid, 
acetic acid, and alcohol is formed, is not decomposed. The 
selection by the sodium mono-chloracetate can thus be explained 
on a rational chemical basis, since those microbes endowed with 
reducing qualities would liberate hydrochloric acid, and thus 
occasion their extinction. Only microbes in which the reductase 
is absent or diminished, would survive. 

The study of these micro-organisms lias made it evident that 
the characters of these plants arc determined by the conditions 
of the environment. The question remains as to whether such 
a conception can be applied to higher forms. Have soil and 
climate uny influence on the structure and functions of higher 
plants? There is much to suggest that the forms of plants are 
dependent on the interaction with the environment. Before 
this problem can be considered, it is necessary to obtain a better 
knowledge of the plants which occur together, in any district. 
Owing to the small aboriginal population and their low state of 
civilization, there has been little interference with the flora of 
this Continent. Studies can be made upon areas in which plants 
have grown together with little, if any, human selection. These 
areas are, however, being settled by the white population. 
Before these areas have been destroyed, it behoves our naturalists 
to make their survey. In this vast continent, we can travel 
from Cape Otway, in the south, to Cape York, in the north, 
without losing sight of one or other species of Eucalyptus. It 
is possible to go from Sydney, in the east, to the western shores 
of Australia without missing anywhere the familiar Eucalyptus. 
Is it not possible to determine what characters have enabled 
these trees to extend over such a vast area? May I suggest to 
you that the members of our Linnean Society consider the sys¬ 
tematic study of the distribution of our plants and the factors 
which determine their association. Such a labour would be a 
worthy memorial of the work of this generation, and would 
remain a testimony of our appreciation of the benefaction of our 
revered founder, Sir William Maoleay. 
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Mr. J. H. Campbell, Hon. Treasurer, presented the balance 
sheets for the year 1917, duly signed by the Auditor, Mr. F. H. 
Rayment, F.C.P, A., Incorporated Accountant, and be moved that 
they be received and adopted, which was carried unanimously. 
The income accounts are summarised in the following table:— 


Heads of Expenditure. 

(tenernl. 

Bacteriology.! 

FulloMrslops. | 

ToUl. 


£ 

£ i 

£ i 

£ 

Administration 

m 

5 

— 

1 591 

Maintenance .. 

30 

63 | 

— 


Publication 

303 

i 

221 

524 

Beeearch (Salaries) 

— 


1,5*25 

1,025 

Capital Accounts 

654 

100 

_ 

754 

Totals 

1,582 

568 

1,746 

.% mm 

Income (all sources) 

1,245 | 

567 

2,328 

4,140 


No nominations of other Candidates having been received, the 
President declared the following elections for the Current Session 
to be duly made:— Prksidknt: Professor H. 0. Chapman, M.D., 
B.S.— Members op Council (to fill six vacancies): Messrs. R. T. 
Baker, F.L.S., W. W. Froggatt, F.L.8., Alex. Q. Hamilton, C. 
Hedley, F.L.S., Thomas Steel, F.L.S., and G. A. Waterhouse, 
B.Sc., B.K.— Auditor: Mr. F. H. Rayment, F.C.P.A. 

On the motion of Dr. J, B. Cleland, a very cordial vote of 
thanks to the President, was carried by acclamation. 
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Audited and found correct* Securities produced. 

F. H. BATiamr. F.C.P.A., Auditor. J. H. Campbell, Hon. Treasurer 

Sydney, 12th March, 1918. Sydney, Slat .January, 1918. 
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Audited and found correct. Securities produced. 

F. H. Katment, F.C-P.A., Auditor. j h. Campbell, Hon. Treasurer 

,2th M * rch ’ 1918 - tyrf** 3Ut January, 
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ORDINARY - MONTHLY MEETING. 

March 27th, 1918. 

Professor H. G. Chapman, M.D., B.S., President, in the Chair. 

The Donations and Exchanges received since the previous 
Monthly Meeting (28th November, 1917), amounting to 16 Vole., 
166 Furts or Nos., 27 Bulletins, 8 Reports, and 7 Pamphlets, re¬ 
ceived from 75 Societies, Institutions, etc., and two private 
donors, were laid upon the table 
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THE GEOLOGY OF THE LOWER MESOZOIC ROCKS 
OF QUEENSLAND, 

With special reference to their Distribution and Fossil 
Flora, and their Correlation with the Lower Mesozoic 
Hocks of other parts of Australia. 

By A. B. Walkom, D.Sc., Assistant Lecturer in Geology, 
the University of Queensland. 

(Plates i.-ii., and six Text-figures). 
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Introduction, and Scope of the Paper. 

In Eastern Australia and Tasmania there is no large develop¬ 
ment of rocks of marine origin, representing deposition during 
the period between the close of the Palaeozoic era and the 
beginning of the Cretaceous period. During this interval, with 
a single exception, the sediments deposited in this region were 
of origin other than marine; the organic remains included in 
these rocks consist for the most part of plants, but, in addition, 
fish* and insectst are abundant on some horizons, phyllopods 
are represented by Esthrria, and pelecypods by Unto and Unith 
nella. The exception mentioned above is the upper portion of 
the Wianamatta Stage in New South Wales; the top of this 
stage is formed by a thickness of 100 feet of a calcareous rock, 
which contains a fauna of Ostracoda and Foraminifera. This 
fanna has been described by Chapman, whose conclusion regard¬ 
ing the species is as follows: * These undoubtedly represent a 
brackish or estuarine fauna, having a curious intermingling of 
Hhsetic and Lower Jurassic types, with others more properly 
referable to the Upper Paleozoic of Europe.”} 

The term “Lower Mesozoic” will bo used throughout this 
work for these rocks; the name “Trias-Jura” has been generally 
used, but it is not a suitable one, and we have not been, up to 
the present, in a position to assign either a Triassic or Jurassic 
age definitely to all of them. The name Lower Mesozoic may 
be used generally to include the whole of these rocks, and to 
refer to all the strata in Eastern Australia which were deposited 
between the elose of the Palceoeoic era and the beginning of the 
Cretaceous period. 

* Woodward, Mem. tieul. Hurv. N. 8. Wales, Palaeontology, Nos.4, 9, 10. 

t Etheridge and Olliff, ibid., Palaeontology, No.7; Tillyard, Queensland 
Geol. Surv., Publication No,253. 

J Records UeoL 8urv, N. S. Wales, viii., p.335, 1909. 
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The correlation of these beds is necessarily based on the fossil 
plants, since they are the only remains which are of widespread 
distribution. In the past, fossil plants have formed a very 
uncertain means for the accurate correlation of strata. This has 
been due, particularly in the case of Australia, to imperfect 
study of the material available. This statement is not made to 
detract from the value of the work done by the earlier Australian 
geologists; we owe much to their efforts, for they did an immense 
amount of work under conditions much less favourable than 
those under which we work at the present time. The vastly 
improved conditions existing at the present day must always be 
borne in mind, when the work of the older geologists is under 
consideration; this point cannot be too strongly emphasised, foe 
there is very often a tendency to forget or overlook it. 

The author has just completed an examination of the fossil 
flora of the Queensland Lower Mesozoic strata,* and the present 
paper is concerned chiefly with a discussion of the results of 
that examination. 

Briefly stated, the object of this contribution to Australian 
Geology is to attempt to place the correlation of the ljower 
Mesozoic rocks of Australia on a sound basis. The paper 
aims at: 

(а) Dealing in a fairly comprehensive manner with the general 
characters and distribution of the Lower Mesozoic rocks of 
Queensland. 

(б) A critical discussion of the relations of the Dora of these 
rocks 

(c) A comparison and correlation of the Lower Mesozoic rocks 
of Queensland with other Lower Mesozoic rocks of Australia, 
paying particular attention to the relations of the fossil floras of 
the various occurrences to one another. 

(rf) The determination of the position of the Australian Lower 
Mesozoic rocks in the Geological Record. And 

(a) A discussion of the palieogeography of the Australasian 
region during Lower Mesozoic time. 

* Queensland Ueul. Surv., Publications Nos.*232, *237, *239. 
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It maybe of advantage hereto summarise the present position 
of our knowledge of the lioras of Australian Lower Mesozoic 
rocks. 

Hocks of this age arc developed in all the Australian States, 
but only in Western Australia are they of marine origin. The 
state of our knowledge of the fossil floras cannot be considered 
satisfactory. In Western Australia, the number of plants in 
these rocks is very small, but the fact, that they are associated 
with strata containing marine fossils, is of great importance as 
giving some indication regarding their exact position in the 
Geological Record. In South Australia, a few fossil plants have 
been descnl>ed from the Lower Mesozoic rocks at Leigh's Creek, 
and Phyflopierts Feistmanteli has also been recorded from Ooroo 
wilanie Swamp, 100 miles north of Leigh’s Creek; this latter 
record may be from the Cretaceous rocks overlying the Hulling 
Downs Series. In Tasmania, fossil plants are abundant, and a 
large number have been described and figured from Lower 
Mesozoic rocks Unfortunately, some of the determinations 
are open to doubt, and many of the figures and description are 
too imperfect to be of value in a comparison of the Tasmanian 
Mesozoic flora with other Australian Mesozoic floras In Vic¬ 
toria, Lower Mesozoic rocks occur in three areas (South Gipps- 
land, Cape Otway, and Wanuon areas). A collection of fossil 
plants from these strata has been described by Professor Seward, 
and more recent additions have been determined by Mr. F. 
Chapman. This flora has been determined as of Jurassic age, 
and it is sufficiently well-known to enable reliable comparison to 
be made with other floras. In New South Wales, fossil plants 
are abundant in Lower Mesozoic rocks, hut no comprehensive 
examination of the whole flora 1ms been undertaken. Lists of 
the floras of the different Series, prepared by Mr. W. S. Dun, 
were published in Carne’s memoir on the Western Coalfield of 
New South Wales, in 1V08. These have been supplemented, 
fi;om time to time, by descriptions of additional specimens, by 
Mr. Dun. From these lists, it is possible to obtain a fairly good 
idea of the flora of the Lower Mesozoic rocks in New South 
Wales. In Queensland, the author has just completed an ex- 
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animation and revision of the floras of the Ipswich and Walloon 
Series, the results of which have been published by the Queens¬ 
land Geological Survey. 

The correlation of the Lower Mesozoic rocks of Australia 
(based mainly on their fossil floras) and their exact position in 
the Geological Record have been the subject of much discussion, 
and different views regarding their correlation have been put 
forward from time to time. In a summary of the literature 
dealing with the Queensland Lower Mesozoic rocks,* 1 have 
already briefly summarised the majority of these views, and 
there is no need to discuss them in further detail here It is 
sufficient to state that no finality has been reached on this point, 
and, in many cases, conclusions have been based on insufficient 
evidence. 

As a result of my examination of the Queensland fossil flota, 
together with a consideration of the evidence of the fossil faunas, 
and, in addition, general considerations of the strata containing 
the fossils, certain conclusions regarding the correlation of the 
various series have been arrived at (see p.95) which differ from 
any previously put forward. 
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* Queensland Geol. Surv., Publication No.262, p.6. 
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in the solution of some of the problems of Australian strati¬ 
graphy I have been inspired to carry out the palseo-botanical 
portion of my work as thoroughly as possible, by the kindly 
encouragement of Professor Seward. 
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Previous Literature. 

Most of the papers dealing directly with the subject of the 
Lower Mesozoic rocks of Queensland, or their flora, have already 
been briefly summarised in an earlier paper, but there are a few 
additional papers to which reference may be made here. 

Mr. C Hedley, in his Presidential Address to Section D of 
the Australasian Association for the Advancement of Science 
in 1909, published two maps of the Queensland region in Meso 
zoic time, one reproduced after Neumayr, showing the distribu¬ 
tion of land and water in Triasaic time; and the other original, 
showing the same at the close of the Mesozoic Era. 

Dr. H. L Jensen, in a paper entitled '-The Building of Eastern 
Australia,”* has many references to the Lower Mesozoic rocks. 
The paper partakes rather of the nature of a summary of views 

* Free. Roy. Sue. Queensland, xxiii., Pt.tf, UM2, p. 140. 
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the author stating in his introduction that the object of the 
paper “is not to offer the reader any really new material, but 
rather to present the knowledge we already possess in a concise 

form. " Nevertheless, many interesting points are raised, 

one or two of which bear more particularly on the problem of 
the Lower Mesozoic, and these will be referred to later. A 
series of maps accompanies the paper, showing suggested dis¬ 
tribution of land and sea in the Australian region during the 
various geological periods. 

Mr. K. C. Saint-Smith has carried out extensive observations 
on the Lower Mesozoic rocks in the Koma District, and presented 
a summary of his results* to the Second Interstate Conference 
on Artesian Water. These observations cover a very large area 
of Lower Mesozoic rocks, and fossil plants were found at various 
localities. The present author had the pleasure of accompanying 
Mr. Saint-Smith on a reconnaisance-trip over part of the area 
between Yeulba, Goon gar ry (Hornet Bank Station), and Iloma, 
and ran confirm Mr. Saint-Smith’s remarks regarding the strata 
of that area. The greater part of the country traversed consists 
of outcrops of sandstones, with, here and there, shales and coal- 
seams, belonging to the equivalents of the Walloon Series 

Professor David, in the Federal Handbook for the Meeting of 
the British Association for the Advancement of Science in Aus¬ 
tralia in 1B14, refers briefly to the Lower Mesozoic rocks of 
Queensland, which he classes as Jurassic. 

Mr. R. J. Tillyard has described a number of fossil insects, 
from Ijower Mesozoic rocks in Queensland and New 8outh 
Wales.t The majority of the insects were obtained from 
Denmark Hill, Ipswich, in strata belonging to the Ipswich 
Heries, and others from 8t. Peter's, near Sydney, N.S.W., from 
the Wianamatta Stage of the Hawkesbury Series. Twenty-two 
species were described from the Ipswich Series, and six species 
from the Wianamatta Beds. 

The insects appear to he of considerable interest from the 

* Rapt. Second Interstate Conference on Aitewan Water, Brisbane, 1014, 

\ Queensland (leol. Surv M Publication No. 253. 
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point of view of the phylogeny of the Insect a, but the results, 
up to the present, do not indicate that they will be of material 
value in the determination of horizons, or in fixing the position 
of the strata in the Geological Record. 

In Appendix B to the “ School Geography of Queensland,” by 
G. Harrap, published in 1916, Mr. Dunstan gives a new classi¬ 
fication of the geological formations of Queensland In this 
classification, the Lower Mesozoic rocks are divided into (!)TrU 
assio and Jurassic, the Ipswich Series and Bundamba Series 
being classed as (l)Triassic, and the Walloon Series as Jurassic. 
No definite evidence is given for the separation. Included also 
in the Jurassic are the trachytes of the Glasshouse Mts., which 
all recent work goes to show are of Cainozoic age. 

Professor Schuchert, in a paper recently issued, entitled “The 
Problem of Continental Fracturing and Biastrophism in Ocean- 
ica,”* gives a series of pulieogeograpliic maps of Oceania; these 
include one showing the distribution of land and water in the 
Triassic period. 

Mr. E. C. Andrews, in a recent paper entitled “ Notes on the 
Structural Relations uf Australasia, New Guinea, and New Zea¬ 
land,makes many statements which invite criticism, some of 
them coming within the scope of this paper. He considers the 
growth of Australia, New Guinea, New Caledonia, and New 
Zealand as independent units. The question suggests itself— 
Are not these portions of the one continental mass, which have 
become separated as a result of folding-movements! In discuss¬ 
ing the Trias-Jura, he infers two basins of deposition in New 
Bouth Wales and Queensland, viz.: the Hawkesbury basin, and 
a northern basin, separated by high land-barriers, and with 
sedimentation taking place simultaneously in the two basins. 

There are many papers dealing with the volcanic rocks of 
south-eastern Queensland, in which passing reference is made to 
the Lower Mesozoic rocks occurring in the same area as the 
volcanic rocks. It is unnecessary to mention these in detail 


Aroer. Journ. 8oi., xlii., 1916, p.91. 
t Journ. GeoL, xxiv,, 1916, p.761. 
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here; such paper* include the works of Jensen, Wearne and 
Woolnough, and Richards, in addition to the publications of the 
Queensland Geological Survey. 

The Lower Mesozoic Rocks of Queensland. 

(a) General *—Until quite recently, the Lower Mesozoic rocks 
of Queensland have been officially designated “ Trias-Jura ” 
This name was first used in 1892, it being suggested that the 
Rurruin and Ipswich Koimations represented a period of time 
extending from the base of the Trias to the top of the Oolite.* 
Prior to that date, in 1888, regarding the Ipswich and Burrum 
Formations, Jack saysf “The Burrum Coalfield is plainly on a 
higher horizon than the Bowen River field [Permo-Carbonifer¬ 
ous]. It contains a fossil flora in which many plants are common 
to the Mesozoic Ipswich Formation, and also, it is said, Glossop- 
teri# with a very meagre fauna, most of it peculiar to the coal¬ 
field.” .“Probably to call it Triassic would not be very far 

from the mark, in at least a horuotaxial sense.” In the same 
paper, speaking of the Ipswich coalfield, he says “ The coalfield 
contains an abundant fossil flora of a strongly Jurassic facies, 
and is probably the equivalent of the Clarence River beds of 
New South Wales.” 

It appears, then, that the recording of Glossopteru in the 
Burrum Formation was originally responsible for its being 
regarded as older than the Ipswich Formation. There is, how¬ 
ever, no authentic record of the presence of Gh$sopteri$ in the 
Burrum Series. 

When the two formations were united, in 1892, as the Trias- 
Jura, the Burrum Formation was regarded as Lower, and the 
Ipswich Formation as Upper Trias Jura.£ Ten species of plants 
were described by Etheridge from the Burrum Formation, and 
thirty-one from the Ipswich. The two formations were not 
known in contact in the field, so there was no stratigraphic 
evidence as to their relation to one another, and this had to 

* Geology and Paleontology of Queensland, 1892, p.312. 
t Report Aust. Amoo. Adv. 8ei., i., 1889, p.196. 

£ Geology and Paleontology of Queensland, 1892, p.312. 
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be determined from the contained fossil plants. The fossils, 
which were available from the Burrum Formation at the time, 
were, unfortunately, fragmentary, and were not a representative 
collection. Further collections have l>een obtained from time to 
time since, and a cursory examination of the material now avail¬ 
able in the Geological Survey collections shows distinct differ 
ences from the floras of the Ipswich and Walloon Series. Tt is 
intended that an examination of the Burrum floru will be under¬ 
taken after the completion of the present paper. 

In 1907, Mr. Cameron, in discussing the age of the Ipswich 
Formation, says* “The evidence for considering the Burrum 
Beds as belonging to an earlier period of the Trias Jura is not 
conclusive. The two formations have long been considered as 
identical in age by the Geological Survey, and the recent obser¬ 
vations of Mr. Jensen lend confirmation to that conclusion. 1 ” 

Our present knowledge shows that a large part of what was, 
at that time(1907), icgarded us part of the Burrum Formation, 
is actually a continuation of the upper series of what was con¬ 
sidered then as the Ipswich Formation. Dr. Jensen had 
recorded the fact that these were continuous in the field in the 
neighbourhood of Point Arkwright.t 

The question of the age and extent of the Burrum Formation 
has, however, been established beyond doubt by the obserx ations 
in the field of Mr. Dunstan. As a result of these observations, 
it is now certain that the Burrum Series, in the Maryborough- 
Howard district, overlies, with apparent stratigraphic confoim- 
ity,J rocks of marine origin, whose contained fossils indicate a 
Cretaceous age, probably equivalent to the Rolling Downs Forma¬ 
tion of Western Queensland. Mr. Dunstan has also shown that 
the strata to the south and south-west of Maryborough, origin¬ 
ally mapped as part of the Burrum Formation, dip towards the 
north-east beneath the marine Cretaceous rocks, and are equiva¬ 
lent to the Walloou Series. For these equivalents of the 

* Queensland Geol. Surv,, Publication No. 994, pp. 12, 13. 
t’Proo. Linn. Hoc. N. S. Wales, 1006, xxxi., pp.74-75. 

(Ann. Kept Dept Mines, Queensland, 1011(1012), p.105; Queensland 
Govt. Mining Journ., xiii.(1012), p.641. 
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Walloon Series in thiB area, Mr. Dunstan has proposed the 
name “ Tiaro Series/'* 

Of the two formation^ which were united to form the so-called 
Trios-Jura System, then, one has been removed into the Creta¬ 
ceous System, and the remaining one (the Ipswich Formation; 
is that which was originally regarded as the probuble equivalent 
of the Jurassic System. 

The Ipswich Formation was divided into three Series by Mr. 

’ Cameron, viz.: Ipswich Series, Bund&mba Series, And Walloon 
Series. The use of the teims Ipswich Formation and Ipswich 
Series (part of the Ipswich Formation) has probably led to a 
certain amount of confusion, but the removal of the Burrum 
Formation to the Cretaceous System renders the use of the name 
Ipswich Formation superfluous, and it would he an advantage 
to abandon it. 

( b) Geological Sncceaaion.— The Lower Mesozoic rocks of 
Queensland consist of three Series, via.:— 

3. Walloon Series (Upper). 

2. Bundamba Series (Middle). 

1. Ipswich Series (Lower). 

The complete succession is found only in South-eHStern Queens¬ 
land, where a considerable amount of detailed geological woik 
has been carried out, chiefly because both Ipswich and Walloon 
Series contain workable coal seams. 

The Ipswich district has been examined in detail by Mr. 
Cameron, who has published two reports on the area,t and is 
preparing a third, incorpor&tiug the results of recent develop¬ 
ments in the district. 

South-east Moreton has been the subject of investigation by 
Mr. E. O. Marks, late of the Queensland Geological Survey, 
whose results are embodied in a publication entitled “The Coal- 
Measures of South-east Moreton. The examination of the 
continuation of the Coal-Measures, from the area examined by 

* See Kept. Reoond Interstate Conference on Artesian Water, Brisbane, 
1014, p.7. 

t Queensland Gaol. Surv., Publications 147, 204. 

X Queensland Geol, fturv., Publication 225* 
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Mr. Marks towards the New South Wales border, has been com¬ 
menced by Mr. J. H. Held, of the Geological Survey. 

Other areas of Lower Mesozoic rocks in Queensland have been 
studied in detail by other officers of the Geological Survey, the 
more important ones being: the Stan well Goa)-Measures, ex¬ 
amined by Mr. Dunstan;* the Laura Coal field, west of Cook town, 
by Mr. Balljt the Lower Mesozoic rocks in the Roma district, 
by Mr. Saint-Smith. Unfortunately, the full results of Mr. 
Saint-Smith’s work have not been published, but a summary was 
communicated to the Second Interstate Conference on Artesian 
Water.} For local details regarding these areas, reference must 
be made to these publications. 

(c) Lithological Characters. —The lithological characters of the 
Lower Mesozoic rocks in Queensland do not call for very special 
remark. For the greater part, they consist of sandstones and 
shales in varying proportions, with which are associated occa¬ 
sional conglomerates, grits, and also coal seams. 

The Ipswich Series consists, for the most part, of light-coloured 
shales and sandstones, with associated conglomerates, and four¬ 
teen or fifteen workable coal-seams. There are coarse conglom¬ 
erates developed near the base of the series, indicating vigorous 
erosion in the early portion of the period. 

The Brisbane Tuff, which is near the base of the Ipswich 
Series in the Brisbane area, is a ruck probably of volcanic origin 
(though there is no indication of its source), resulting from the 
deposition of volcanic ash of acid nature over a long, narrow area 
in the vicinity of Brisbane. The general direction of the out¬ 
crop of this belt of tuff is N.30"W. As far as known, there are 
no volcanic rocks of undoubted Lower Mesozoic age in South¬ 
eastern Queensland, with the exception of a series of andesites 
south of Maryborough, which are apparently interbedded in the 
Tiam'-Hfetfes. Marks, Andrews, and Weame and Woolnough 
have, at times, advocated a Lower Mesozoic (Trias-Jura) age for 

* Queensland Geol. Hurv., Publication 181. 
t Queensland UeoL Surv., Publication 222, p.5. ■ 
t Report Seoond Interstate Conference on Artesian Water, Brisbane, 
1914, p.19. 
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Mime of the South-east Queensland volcanic rocks, hut Dr. 
Richards has rocently examined all their evidence* and shown 
that, in each cuse, there is no doubt that the volcanic rocks are 
of Cainozoic age. Since then, Mr. Dunstan has placed tile 
volcanic rocks of the Glasshouse Mountains in the (l i Walloon 
Series,! the only field-evidence regarding the age of these rocks 
is that they are intrusive through a series of sandstonen, which 
Mr. Dunstan believed, at the time, to belong to the Ipswich 
Series. On the evidence of the relationship between these vol¬ 
canic rocks and other volcanic rocks of South eastern Queensland, 
their age ceitainly seems to ho Cainozoic. Some of the beds of 
the Ipswich Series at Denmark Hill, Ipswich, are regarded by 
Mr. Dunstan as tuffaceous in character .\ 

The Bundamba Series, which succeeds the Ipswich Series, 
consists, for the most part, of massive sandstones. With the 
exception of one coal seam about 1 foot, 6 inches thick, known 
as the West Moreton seam, they have proved unproductive of 
coal; they are also practically barren of fossils, the only record 
being of silicified wood. The basal portion of the Bundamba 
Series lies about seventy feet above the top seam (Aherdare 
seam) in the Ipswich Series, and consists of coarse grits and 
conglomerates. 

The Walloon Series, lithologically, is of somewhat similar 
nature to the Ipswich Series. In consists mainly of compara¬ 
tively soft sandstones, with which are uiterbeddcd fine-grained 
shales and coal-seams. Conglomerates are developed, but are of 
limited occurrence. The soft sandstones and shales weather 
away rapidly, and, consequently, in many places, outcrops are few 
and inconspicuous. 

In the Stewart's Creek (Stanwell) district, the Series includes 
a hard, white, siliceous tuff in which abundant fossils are pre¬ 
served. 

A remarkable feature in the Walloon Series is the very wide- 

* For summary of evidence, *ee Proo. Roy. Hoc. Queensland, xxvii. (2), 
1910, p.120. 

t Harrap’s School Ueogtaphy of Queensland, Appendix B, p 167, 

X Queensland Geol. Surv., Publication No.259, p.5 
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spread distribution of a fine-grained, ferruginous sandstone. 
This rock is very characteristic, and is developed on one or 
perhaps more horizons. It lias lieen observed from the following 
localities : Beaudesert, Kalbar (late Engelsburg), near Warwick, 
near Toowoomba, three miles north of Texas, a number of 
localities in the Walluinbilla-Koma district, and Stewart's 
Creek, Rockhampton. All these occurrences are in the Walloon 
Series or its equivalents. This rock, in nearly every case, 
contains fossil plants, the genus Otazamitee being particularly 
characteristic. It is also to be noted that, in the Jurassic 
rocks of Western Australia, Otozamitea occurs in a fine-grained, 
ferruginous sandstone. 

The widespread distribution of this rock, apparently on a few 
horizons, leads us to believe that it gives indication of some 
special conditions of deposition. It would, however, be useless 
to attempt to account adequately for it in the present state of 
our knowledge of the conditions under which these beds were 
laid down; most of the areas from which it lias been obtained 
have not yet been studied in detail geologically. 

(cf) Coafo .—The development of a number of coal-seams of 
workable quality and thickness is an important feature of the 
iiower Mesozoic rocks of Queensland. Coal is obtained from 
both the Ipswich and Walloon Series, and the character of the 
coal from the two Series is generally distinct. This distinction 
has been expressed both by Mr. Cameron and Mr Marks. The 
former, speaking of the Walloon coals, says* “the coals hitherto 
found show characteristic conchoidal fracture in the hand speci¬ 
men, burn readily with a long, luminous flame, and give off a 
much larger proportion of volatile hydrocarbons when heated in 
a closed vessel than do the brittle, bituminous coals of the 
Ipswich Beds." 

On the same subject, Marks sayst “The Walloon Beds are 
characterised by coals which, like those of the Darling Downs, 
are of the nature of a cannel coal—highly gaseous, hard, and 


* Queensland Oeol, Surv., Publication No.204, p.16. 
t Queensland Geol. Surv., Publication No*225, p.ft. 
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breaking with a conchoidal fracture, in contrast to the more 
brittle bituminous coal of the Jpswicb Beds.” 

The Jpswicb coals are steam coals, and aru suitable for heating 
and coke-making; the Walloon coals are essentially gas coals. A 
table of typical analyses of the coals from various areas has been 
published by Mr Dunstan,* from which we may quote the typical 
Ipswich and Walloon coals for comparison. 
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The most notable point of contrast between the two is in the 
relation of volatile hydrocarbons to fixed carbon, in the Ipswich 
coals, the latter is very much in excess of the former, while, in 
the Walloon coals, the two arc of about the same value. In 
some cases, Walloon coals show a much higher percentage of 
fixed carbon than of volatile hvdrocarl>ons, and the analysis is 
then indistinguishable from that of Tpswich coals; in these cases, 
however, the field relations of the strata usually supply the ex¬ 
planation for this irregularity, by the presence of intrusive rocks 
not far away, and resultant alteration of the coal. 

In normal cases, then, there is a more or less marked distinc¬ 
tion l>etween the coals of the Ipswich and Walloon Series in 
Queensland, and this distinction is of some practical value in 
helping to distinguish between the two Series. The Walloon 
coals are distinctive, and can frequently he recognised with a 
reasonable amount of certainty as belonging to that Series. The 
Ipswich coals, however, though they are distinct from the Wall¬ 
oon coals, are very similar to the coals of the Buitukh Series, of 
Cretaceous age, and their age cannot t>e identified bv the nature 
of the coal. 


Queensland Oeol Surv., Publication No.239, p.*23. 
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(«) Extent and Dinlribntion^ -(i.) The Ipswich Series .—The 
Ipswich Series is of comparatively limited extent, and has a 
thickness, in the type-district, of about 2,000 to 2,500 feet, as 
estimated by Mr. W. E. Oarneron Its best development is in 
the Ipswich district, where the strata have been studied in detail 
by Mr. Cameron.* 

North-west of the town of Ipswich, the north-western end of 
the Ipswich Series is hidden by Cainozoic rocks Mapping in 
this portion of the area has not l>een carried out in detail, but 
apparently the Ipswich Series cuts out between the Bundamba 
Series and Brisbane Schists (as shown in Plate ii.), and it is not 
known to outcrop further in this direction. It is, of course, pos¬ 
sible that this series extends some distance north under the 
Walloon Series, but one might expect, in this case, to find some 
indication of its presence by outcrops between the outcrops of 
the Walloon Series and the older rocks to the east. 

From Ipswich, the Ipswich Series extends in a general easterly 
direction to Oxley, where it disappears beneath overlying Camo- 
zoic rocks, as shown on the most recent maps prepared by Mr. 
Cameron. It reappears along a line running approximately 
N.30*W.-S.30°E through Brisbane, and is succeeded to the east 
by a line of schists of Palaeozoic age. This belt of Palssozoic 
rock is not very wide here, and, on the eastern side of it, the 
Ipswich Series reappears. Between Mt. Cotton and Mt. Petrie, 
the two belts of Ipswich Series are in direct connection, as also 
are they between Mt. Petrie and White's Hill 

Still going to the east, the Ipswich Series again disappears 
under the overlying Bundamba sandstone along a line running 
in a N.SO'W. direction through Hevnvnant, and reappears on the 
other side of a syxicline at various points on the coast south of 
the Brisbane River. The axis of this syncline is in a direction 
N.30*W.-8.3<TE. 

The whole of the Ipswich Series bo far described skirta the 
southern extremity of an extensive occurrence of the schists 
known as the Brisbane Schists, whose age is uncertain, and can 
only be stated definitely as Pre-Mesozoic. 

* Queensland Oeol. Surv., Publications Nos. 147, 204. 
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From the Brisbane River, extending north as far as Mary¬ 
borough, there is a narrow, coastal belt of Lower Mesozoic rocks. 
These are, here and there, intruded or overlain by volcanic rocks 
of Cainozoic age, with which we are not concerned here. The 
Mesozoic rocks of this coastal belt are gently folded into anti¬ 
clines and synclines, the general direction of dip being north¬ 
easterly or south-westerly. 

This coastal belt averages about 15 to 20 miles m width At 
its southern end, it consists of rocks of the Ipswich Series, repre¬ 
senting a continuation of the syncline just mentioned south of 
the Brisbane River. The Bundamba sandstone in this synclinal 
area does not extend much north of the Brisbane lliver, and 
appears to be entirely surrounded on its northern end by the 
Ipswich Series. The north-eastern side of this syncline, pro¬ 
duced northwards, forms the south-western arm of an anticline 
whoso axis passes approximately through the region of the 
Glasshouse Mountains, in a direction N.-WW., and whose north¬ 
eastern arm dips away towards the north-east under the hand- 
stones of theToorbul Point-Lands borough district, which pro¬ 
bably represent the Bundamba Series. 

This is the last that is seen of the outcrop of the Ipswich 
Series, and their extent under the Bundamba Senes to the east 
and north east cannot be determined. 

The distribution of this Series is indicated generally in Plate ii. 

(ii.) The Bundamba Series.— The Bundamba Series comprises 
a development of massive sandstones in which there are practi¬ 
cally no fossils, the only ones so far recorded being examples of 
fossil wood. Mr. Cameron estimates the thickness of the Series 
at between 3,000 and 5,000 feet. 

This Series overlies the Ipswich Series conformably. It ex¬ 
tends, roughly, from the Ipswich District eastwards to a little 
beyond the railway-line between South Brisbane and Kingston, 
and in a general south-easterly direction past Canungra to the 
New jsouth Wales border. It is impossible, in this area, to 
define accurately the limits of the formation, but its existence is 
beyond doubt. Mr. Dunstan has recently observed it in New 
South Wales, not far from Mt. Warning. 
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The Series also occupies a syncline, with an axis in a direction 
approximately N.30*W.-S.30*E, between Hcmnmnt and Wyn- 
num, extending southwards to about the latitude of Redlaud 
Bay, and northwards only just beyond the Brisbane River. 
Further north, there is a parallel belt of the Bundamba Sand 
stone extending from Toorbul Point in a direction approximately 
N.30*W. through the Landshorough district. The presence of 
tlie Bundamba sandstones has been indicated at Toorbul Point 
by Mr. Cameron.* At this point, a bore (the Bribie View Bore) 
in Portiou 28, Parish of Toorbul, passed through 508 feet of 
massive sandstones, with one or two scams of hard, black, sandy 
shales and, near the bottom, pebbly conglomerates, no coal-seams 
were observed in these sandstones. M r. Cameron correlated these 
sandstones with the Bundamba grits and conglomerates occurring 
at Logan Village. The sandbtonesof the Landsborough district 
have been correlated with the Bundamba Series by Mr. Dunstan.t 

It can thus be recognised, that there is a belt of the Bundamba 
Series running through this urea, and its position can be defined 
in a general way, but the exact determination of its boundaries 
would involve a careful geological survey of the whole area, and 
it is not certain even then that the boundaries could be accu¬ 
rately defined. 

This belt disappears towards the north east under the southern 
extension of the Tiaro Series, which is equivalent to the Walloon 
Series. The distribution of the Series is indicated in Plate ii. 

The Helidon sandstones may be the equivalents of the Bun 
damba sandstones, as suggested by Mr. I)unstan,t but we do not 
know sufficient detail of the geology of the Helidon district, at 
present, to be sure of their position. 

(iii.) The Walloon Series .—The rocks l^elonging to this Series 
cover a vastly wider area than either the Ipswich or Bundamba 
Series. Their distribution is indicated in Plates i. and ii. In 
South-eastern Queensland, they outcrop over most of the country 
between a line drawn from just west of Esk to Toowoomba, 
thence along the eastern foot of the Main Range to the Row 

* Ann. Rept. Dept. Mines, Queensland, 1908, p.17‘2. 
t Queensland Geol. 8urv., Publication No *252, p.4. 
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South Wales border, and a line drawn roughly fiom Ipswirh to 
Canungra, and thence to the New South Wales holder. In a 
good deal of this area, they are overlain by volcanic rocks of 
Cainozoic age, but there is no doubt that they are practically 
continuous through the whole area. In addition, there is a belt, 
live to fifteen miles wide, from Esk up the valley of the Brisbane 
River nearly to Cooyar Creek, but this belt is not a continuous 
outcrop; there is also an extension from Esk in a north easterly 
direction past Mt. Brisbane. 

Hocks belonging to the Walloon Series also outcrop very ex¬ 
tensively to the west of the Main Divide There is probably a 
continuous licit from the New South Wales border near Kil- 
Jarney, running through Warwick to Dalhy and Chinchilla, then 
swinging round to an east and west direction parallel to the 
rail way-line past Komii. The exact extent of the belt past this 
point is not absolutely proven, but there seems little doubt that 
it swings round in a general north-north-westerly direction, and 
extends right to the Gulf of Carpentaiia towards Cape York. 
Mr. Dunstan* has placed, in the Walloon Series, sandstones and 
shales in this belt at the following localities: the Upper Maranoa 
River, the Upper Dawson River, Jericho, the Upper Flinders 
River,Croydon, and probably the heads of the rivers flowing west¬ 
erly across the Cape York peninsula to the Gulf of Carpentaria. 

This belt dips to the west and south west, and underlies, with 
apparent conformity, the marine Cretaceous rocks of the Rolling 
Downs Beries. In the east, the Walloon ISeries is represented 
by a tiumber of occurrences scattered over a very wide area. To 
the south and south-west of Maryborough is the Tiaro Beries 
(equivalent to the Walloon Series); other occurrences include 
those at Callide Creek, Westwood-Wycarbah-Stanwell district, 
Waterpark, Brovinia, a small area about 10-15 miles west of 
Mundubbera, a small area west of the Burnett River in latitude 
25* 45'S. # a small area west of Barambah Creek in latitude 26*8 , 
at Mondure on Baraml>ah Creek, and the Laura Coalfield, Cook- 
town district. The exact positions of these areas are shown on 


Harrap’s Geography of Queensland, IU10, p. 166. 
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Plates 3, 6, and if of the Queensland Mineral Index. On Plate 
11 of the same work, a small patch is shown as belonging to the 
Walloon Heries, just west of Anakie. Mr. Dunstan, who in¬ 
vestigated the Anakie district some years ago, kindly informed 
me that there is no representative of the Walloon Series in that 
district, and that the colouring of this area as Walloon was due 
to an error in lithographing. Another area, to which attention 
should lie called, is that of the Htyx River, marked on Plate 3 
of the Mineral Index as belonging to the Ipswich iSeries. Mr. 
Dunstan now believes this to be of Cietaceous age, and has 
recently obtained, from the Styx River Coal-Measures, a frag¬ 
ment winch appears to be a dicotyledonous leaf. This is an 
interesting find, and the greatest age, which can reasonably be 
assigned to these Measures in view of it, is Cretaceous. 

In the case of most of the isolated occurrences of the Walloon 
SerioB just mentioned, there is sufficient evidence to render it 
almost certain that the determination of the age is correct. The 
evidence is here summarised :— 

In the Westwood-Wycarbah-Stanwell district, the fossil flora 
is distinctly of the W'alloon type (iw/ra, Table vii.). At Water- 
park, the coal is of Walloon type, but there appears to be no 
record of fossils The areas in the vicinities of Urovinia, Mun- 
dubbera, Burnett River, Barambab ("reek, and Mondurc are all 
residuals, occupying rather higher ground, and Mr. Dunstan is 
of opinion that they undoubtedly represent outliers of the exten¬ 
sive outcrop a little to the south-west. In the Laura coalfield, 
the strata consist of arenaceous beds, with occasional thin beds 
of shale and coal seanis. Mr. Ball records the finding of the 
following fossils: Phylloiheca(t) } 2'trntof>i&ris } Afelkoptmis, Bra- 
chyphyflum, and 7 r oan<«s(1). The presence of Brachyphylium and 
Taxite is sufficient to indicate a Walloon age. In the remain¬ 
ing area, Call id e Creek, there is no definite indication of age; 
the fossils, Thimifddia odontopUroidts [ = T. Feistmanttli]^ and 
Tccnioptm i# sp., have been recorded, but they are not sufficient 
to determine the age. In view, however, of the wide distribu¬ 
tion of strata of Walloon age, the Callide Creek beds are re¬ 
garded as probably of similar age. 
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Tt is thus seen that the Walloon Series extends un interrupt 
edly over a great part of Eastern Queensland Though occurring 
in comparatively small, isolated areas at the present time* I 
believe that these occurrences represent the remnants of n de¬ 
position which probably covered the greater part of Queensland. 
This will be discussed later. 

Further, that the western belt, extending past Toowoomba 
and Warwick, probably extends a great deal further west than 
is shown on the map, is indicated by the known occurrences of 
Lower Mesozoic rocks to the south-west of Dal by, and west of 
Warwick. 

Towards the south, this belt divides into two; the eastern 
portion extends past Killarnoy into New South Wales, and is 
continuous with the western extent of the Clarence Series: and 
the western portion continues along the western margin of New 
England, and dipB away to the west under the marine Cretaceous. 
In New South Wales, tins latter belt is known as the Artesian 
Series. 

Tt must be noted that the Walloon Series, in the Toowooml>a- 
Warwick District and in South-eastern Queensland, have pro 
Istbly been separated by heavy faulting along the Main ltauge, 
but were formerly continuous; and it is quite natural, therefore, 
that this Series should, in these two areas, be contimious with 
parts of the Clarence Series of New South Wales. 

That the Walloon Series continues for great distances west¬ 
ward under the Cretaceous rocks, is proved by the Artesian 
bores of Queensland and New South Wales. It is fairly well 
established now that the rocks from which the Artesian water 
(or rather that part of it which is of meteoric origin) is obtained, 
are part of the so-called Tnas-Jura System, and not of the Cre¬ 
taceous System. This fact is of great value in determining the 
extent to which the Lower Mesozoic rocks continue under the 
Cretaceous 

Small Hows of water have undoubtedly been obtained from 
the Gretaoeoua rocks, but the rocks from whioh the large flows 
of water have been obtained are of Lower Mesozoic age. Ex¬ 
amination of the bore-records, then, will show the extent of the 
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!<ower Mesozoic rocks, both in Western Queensland and in New 
South Wales. At some places, there is a very great thickness 

Cretaceous and possibly Cainozoic strata overlying the Lowet 
Mesozoic rocks; # </., in Suuth Australin, the bore at Goydor*s 
Lagoon struck water bearing strata at 4,700 feet, and the Pateha- 
warra bore was abandoned at a depth of 5,45ft feet, being still 
in the Cretaceous rocks. 

Paleontological proof of the age of the water*bearing strata 
in the liores is not often forthcoming, but, in a numlier of cases 
in New South Wales, records have been made, «.</, (a) in the Hub 
ycroi bore, 60 miles W. by 8. of Moree, Lower Cretaceous rocks 
with marine fossils were passed through down to 520 feet, and 
then shales, sandstones, and coal seams with fossil plants; (b) in 
the WaDon bore, 20 miles N. by W. of Moree, Lower Cretaceous 
rocks with marine fossils were encountered down to 1,500 feet, 
at 1,650 feet, fragments of Tfrniopterts spatuiata [7'. Da in Ire? i] 
wefe obtained, and water wits struck at 2,350 feet; (c) in the 
Coonanible liore, both T<rniopteritt spatufata [7’. Ztarfi/rm], and 
Thinnfeldia odontopteroidfH were obtained. These are not all of 
the recorded occurrences. 

The Walloon iSeries (or its equivalents) is considerably thicket 
than the Ipswich or Bundumba Series In Western Queens 
land (Uotna District), the map and sections prepated by Messrs. 
Saint-Smith and Thoin show a width of outcrop of about 60 
miles, and dips of the order of 3 or 4 degrees; the dips are small, 
hilt, if the average dip be only 2 degrees, the thickness repre¬ 
sented is about 11,000 feet. In the Maryborough District, the 
thickness of the Tiaro Series lias been estimated at 12,000 feet 
by Messrs. Blake and Bryan. 

(/) Arte/tian Water. — A general consideration of the Lower 
Mesozoic rocks of Queensland would not be complete without 
some reference to the question of artesian water. This question 
has been the subject of considerable controversy between the 
exponents of the two theories as to the origin of the water, 
known respectively as the “Meteoric” Theory, and the "Plu¬ 
tonic” Theory. {Suffice it to state, that there seems now to be 
no reasonable doubt that a large portion of the water is of 
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meteoric origin, and that the W .\t of Lower Mesozoic rocks ex¬ 
tending, probably without interruption, fiorn near Dublin in New 
Mouth Wales, to the Cape York Peninsula, forms the intake-beds 
of the Great Australian Artesian basin Probably also a small 
percentage of the water is of plutonic origin. it ik also now 
generally agreed among Australian geologists that, in the Great. 
Australian Aitesiau Basin, the rocks, from which all the large 
flows of water are obtained, are of Lower Mesozoic age, under¬ 
lying the Marine Cretaceous (Rolling Downs) Series 

An examination of the bore-recoids shows conclusively that 
the sandstones of the Walloon Series in Queensland, and the 
Artesian Series in New South Wales, extend continuously in a 
westerly and south-westerly direction into the north-eastern por¬ 
tion of South Australia. The depths at which the sandstone is 
found vary, but, in geneial, the deepest occurrences are in the 
north-eastern corner of South Australia, not far from the Queens¬ 
land border. 

Tt. must, be noted here, that, near the border between Queens 
land and New South Wales, in the vicinity of Jlungerford, there 
are patches of gianite at the surface, and also that some of the 
Imres in that vicinity have struck granite at comparatively 
shallow depths There is hurt*, then, indication of an island in 
J^ower Mesozoic time. 

Tn the north-eaNt of South Australia, where the Lower Meso 
zoic sandstones are at great depths, it seems probable that the 
strata above them include Cainozoic, Cretaceous freshwater-beds 
(equivalent to the Winton Series of Western Queensland), ami 
Cretaceous marine beds (Rolling Dow us Series). This is in¬ 
ferred from a comparison with conditions in parts of Queensland; 
in the great majority of bores, unfortunately, the records kept 
are of little value for detailed geological purposes. Tn the case 
of the Patchawarra bore in South Australia, which was aban¬ 
doned at 5,458 feet without reaching the water-bearing strata, 
it appears that the bore, when abandoned, was still in the Cre¬ 
taceous rocks, and there is nothing to indicate that the Artesian 
Meries of sandstones does not exist further down. 1 am in¬ 
debted to Mr. L. Keith Ward, Government Geologist of South 
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Australia, for supplying me with all Available information re¬ 
garding this hore. Mr. Ward also remarks that the bores sunk 
by the South Australian Government, with the exceptions of 
Hcrgott and Marree at the margin of the basin, have failed to 
reach bedrock. In other bores in the north-east of Soutli Aus¬ 
tralia, water is obtained from sandstones at great depths, in¬ 
dicating surely the presence of equivalents of the Walloon Series. 
0 . 0 ., Goydcr’s Lagoon Lore, 4,700 feet. Mount Gason Hore, 4,420 
feet; and others. 

Examples of palaeontological proof of the age of the sandstones, 
carrying the large supplies of artesian water, are quoted above 
(004 |i.58) and these show that the presence of ai tesian water is 
an indication of the existence of the Lower Mesozoic Sandstones, 
and can be usod in the determination of the extent of these 
beds. 

(*/) Folding-movement# In studying the folding-movements 
to which the Lower Mesozoic rocks of Queensland have been 
subject, two areas may bo considered separately, viz., (a; the 
western belt, extending from the Cape York Peninsula to the 
New South Wales border, and ( 6 ) the occurrence in South-eastern 
Queensland, (a) The western belt lias not been subject to any 
considerable movement, and the rocks usually dip gently to the 
west and south-west beneath the marine Cretaceous strata; oc¬ 
casional high angles of dip have been observed, (b) in South¬ 
easter 11 Queensland, a study of the distribution and directions 
of dip shows that the Lower Mesozoic rocks have been consider¬ 
ably folded, and that the folding in some cases gives place to 
faulting. The folding takes the form of a series of anticlines 
and synclines, whose axes are in a direction approximately N,30° 
W.-S.30"E. The distribution of the Ijower Mesozoic strata in 
South eastern Queensland has never been thoroughly understood, 
but the recognition of this series of folds seems to explain the 
distribution in a simple and reasonable manner. Jn places, the 
folding gives place to faulting, 0 . 0 ., north of IpBwich, and pro¬ 
bably also near Hemrnant. Mr. Ball has also described a fault 
near Woodford,* which he believes to represent a continuation 
* Queensland Government Mining Journal, xvii., 1016, p.ltftt. 
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of the supposed fault at Hero man t. The general directions of 
the dip and of the axes of folding are shown in Plate ii. 

The extent of this folding, which has affected both the Lower 
Mesozoic rocks and the overlying Cretaceous strata, has not been 
generally recognised, as may tie seen from the following quota¬ 
tions Dr. Jensen* says, “Our Mesozoic sediments show no 
folding of consequence Generally speaking, they show only 
slight dips, and lmvc ne\cr been under the influence of tangential 
pressure like the Mesozoic sediments of the Alps, Himalayas, 
Java, etc ” Dr. Richards, t writing of South eastern Queensland, 
says, “ Folding-movements of only a very gentle nature have 
taken place since the Palaeozoic era.” 

Such statements are not consistent with the folding which 
has been observed to the west of Ipswich, in the neighbourhood 
of Hcmrnant; and in the Maryborough District, particularly on 
Woody Island, where the strata are often nearly vertical. 

The nature of the folding is illustrated m two Sections (Teat- 
fig. 1), of which Section A has been prepared from a section drawn 
by Mr. Dunstau, and Section B from a combination of sections 
by Messrs. Cameron and Marks. Neither Mr. Dunstan’s nor 
Mr. Cameron’s original section has been published, and 1 am 
indebted to them for permission to modify these sections for 
use here. 

This folding may be quite adequately and reasonably explained 
as the result of the adaptation of the earth’s crust to a shrinking 
nucleus. Such folding would, naturally, be expected along zones 
of weakness, and the east coastal area of Australia is undoubt¬ 
edly such a zone. Folding of this nature often passes into fault¬ 
ing, and this may have occurred near Hemmant, where there 
seems to lie a line of faulting associated with folding, and also 
in the Ipswich District, where, Mr. Cameron informs roe, the 
severe folding just south of Ipswich gives place to a fault further 
north. 

From the originals of the sections, it was possible to estimate, 
approximately, the amount of shortening of the earth’s crust 

* Proo. Roy. Soo. Queensland, xxiii., Pt.2, p.103. 
t Proo. Roy. Soo. Queensland, xxvik, Pt*2, p.114. 



Text-tig. IB. 

Text-tig. 1A.-— Sketch-faction 
from near Colton to Fraser 
Inland, showing the folding 
of the Jurassic and Creta- 
oeouft rocks. Vertical scale 
exaggerated alxnit 24 times. 
(Modified from Section 
drawn l»y Mr. B. Dun ft tan). 

Text-fig. l U. — Diagrammatic 
Section from tpnwich to 
Manly, showing the folding 
of the Lower Menoaoir 
Strata. Vertical scale ex¬ 
aggerated. (Modified from 
Sections by Messrs. W. E. 
Cameron, B.A., and E. 0. 
Marks, B.A.). 
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represented by the folding. Both sections are approximately at 
right angles to the axes of folding. Tn the section between 
Ipswich and the mouth of the Brisbane River, a shortening of 
the order of 1 J miles in 34 miles has been effected; and, in the 
Maryborough district, a shortening of about 0*8 mile in 34 
miles. This shortening is circuinferential, and if it be regarded 
as the shortening represented at this particular time for the 
east-west extent of Australia (a not unreasonable supposition, 
since we know of no other folding of the same age across Aus¬ 
tralia), the radial shrinkage represented would be of the order 
of 0 05%. 

Regarding the age of the folding, it certainly took place after 
the Bun urn Coal-Measures (probably Lower Cretaceous) were 
deposited, for both Marine Cretaceous strata, which are ap¬ 
parently conformable with the Tiaro Series, and the overlying 
Rumini Coal Measures have been subject to this folding force, 
and have been folded to an extent closely comparable with the 
Lower Mesozoic strain. This is shown by a comparison of 
Sections A and B. 

This same folding took place before the Cainozoic, since it 
has not affected any of the Cainozoic rocks of South eastern 
Queensland. Also the disposition of the Cainozoic volcanic 
rocks in South-eastern Queensland indicates that the Prc-Caino- 
zoic drainage-system was approximately meridional, and this 
may tie closely connected with the N.30°W. strike of the folds 
of the Lower Mesozoic rocks. 

In the Ipswich District, there appears to have been a sub¬ 
sequent period of folding. This is comparatively restricted, and 
the folds produced by it have an approximately meridional 
direction. The Cainozoic deposits have been affected by this 
movement, which must, therefore, have been later than the 
period of folding already mentioned. I am indebted to Mr. 
Cameron for information regarding this latter folding. 

Flora or thu Lower Mesozoic Rocks or Queensland. 

The lists, presented below, of the floras of the Ipswich and 
Walloon Series have been prepared after a careful examination 
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of the specimens available in the collections of the Queensland 
Geological Survey, the University of Queensland, the Queens¬ 
land Museum, and the “ ttiminonds ” Collection. In addition, 
previous records have been examined and verified as far as pos¬ 
sible, and, only when it is believed that they are reliable, have 
they been included. In cases where the original specimens have 
been lost, the records have been used only when the determina¬ 
tion is not subject to the least doubt. These lists, then, are 
regarded by the author as being as complete and reliable as it is 
possible to make them, in the light of our present knowledge. 

(a) Ipswich Senes —The flora of the Ipswich Series comprises 
the following species :— 

Equihktalks. 

Equisetitss ndifernm Tenison- Woods. 

Equise files sp. (tubers). 

Phyllotkeca austral is Brougniart. 

Neocatamifes karensu (Schimper). 

Neocatamites cf. Varrerei Zeillcr. 

Schtzon&ura cf. a/ricana Feistrnantel. 

Fiucalks. 

Oaniundacew. 

Cladophlebi* australis (Morris). 

C. Uoylei Arlier. 

Cyatheacew. 

Coniopteris cklicatula (Shirley). 

Dipteridine. 

Dictyophyllum ruyomm Lindley and Hutton. 

Thiunfeldiete. 

Thinnfddta Peutmanteli Johnston. 

Th. lanctfolia (Morris). 

7 %. odontopteroides (Morris). 

Th . acuta Walkora. 

Marattiacete. 

DmmopstH Huyheei Feistmantel. 

Hydropteride»(?). 

Sagenopterie rhoifolia (Preal). 
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Gknbiia of Ferns and Plants inckhta skdis 

Sphenopteria larunom Shirley. 

Sph. anperba Shirley. 

TtentapUtna Teniaon-Woodai Etheridge Jr. 

T\ Carrntherai Ten ison-Woods 

7\ lentriculiforme. (Etheridge Jr.) 

T. Dunatani Walkom. 

7\ wianamattc* (Feistmantcl). 

1\ crasainrrvia (Feist man tel). 

Stanopteria el any at ti (Carruthers). 

Ginkooalks. 

Oinkyo au tarot tea Saporta. 

G, diyxtata (Hrongniart). 

G cf. may nifolia Fontaine. 

Baiera Simmondax Shirley. 

B. bidena (Tenison-Woods). 

It ipavicienaia Shirley. 

H. yinkyoides Shirley. 

(I)Ginkgoalks. 

Stachyopitya annular iotdea Shirley. 

*S\ Simmondsi Shirley. 

Cycadophyta. 
tiennetti tales. 

Benmttit-a ( Williamaonia) sp. 

Cycadophyta xncertje bkdih. 

Pterophyllum multilineatum Shirley. 

Oymnoaperiiioua seeds. 

Examination of this list at once shows certain distinctive 
features, the most notable being the comparatively large number 
of Ginkgoales, the relatively few Cycadophyta, and apparent 
entire absence of coniferous remains,* The small proportion of 

* This statement may need subsequent modification. Silioified woods 
from the Ipswioh Series have, in the past, been deaoribed as Araucari- 
oxylarn spp. These woods are at present being re-examined by Professor 
A. 0. Seward, and it is quite possible that they may not be of undoubted 
ooniferous affinities. At any rate, we know of no remains from the Ipswioh 
Series, other than these woods, which may, at the present time, be referred 
to the Conifers. 


6 
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Cycads may ultimately be very greatly increased, if it should be 
shown that the genus Toiniuptena belongs to this group. In a 
recent publication, Thomas includes species of TYentopfert'a with 
the Cyc&dophyta, as a result of his examination of the epidermis 
of a number of recent and fossil Cycads.* None of the Queens¬ 
land Lower Mesozoic examples of Tamiopleris obtained have 
been preserved as carbonaceous films, and it is at present impos¬ 
sible to state the nature of the structure of the epidermis in 
them. 

The list of species in this Series may be summarised, and the 
figures expressed in percentages, os in the following Table: — 


Tkvh.k i. 



! i 

2 

I 

3 

4 


No. of 
Npeciea. 

% 

1 

! _ 

l 

% 

% 

KquiwtafoR 

5 

15 

i 

15 

15 

FilioaleH 

10 

30 

1 

1 

J 39 

Kiliralen inoerta.* hpHih 

3 

9 

*>7 

Tick i<ip teriH 

ft 

18 

1 

} 24 

Cyvnriupliyta 

* 

« 

6 

(iitikgoales 

7 

21 

r 

21 | 

21 

Total. 1 

* 


i 

j 





— __ 

i 

__ 

_ 


Such tables as these must be used with a good deal of caution, 
as their indiscriminate use may lead to quite incorrect and even 
absurd results; but careful use, with a full realisation of their 
value and their drawbacks, may yield interesting and, to Borne 
extent, reliable results. The use of such numerical methods has 
not come into very general use, hut their preparation and use 
have been illustrated recently by Wieland.f 

In the above Table (Table i.) of the Ipswich flora, the species 
of Stachyopityn^ and gyronospermous seeds have not been UBed, 
since they, in all probability, represent seeds or reproductive 
organa of plants already represented in the list by sterile fronds. 
The species of TasniopUria are placed separately in the Table, 

* Thomas, Q.J.G.S., lxix.; p.228. 

+ Amor. Journ. Sci., xxxvi. (1913), pp.268-273. 
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since their position is uncertain. Tn column 8, the percentages 
are given, including TteniopieH h with the ferns; in column 4, 
this genus is included with the cycads. This latter result gives 
the flora a not abnormal character in the proportion of ferns and 
cycads, and indicates a general similarity to some R hectic floras; 
there are, however, certain points which may indicate a some¬ 
what greater age, e.g the high percentage of Kquisetales, and 
the rather smaller percentage of Cycads, than is usual in Rhsetic 
and Jurassic floras. 

For convenience of reference and comparison, the following 
Table is quoted from Wieland : * 


T\i»lk ii. taftcr Wieland). 

Eleuunt* of tyjurat R/iwhe-Oofitir Flora, 


Graham Land, 
Mid-Jura. 

Oroville, 

| Oolite. 

a) 

1 ? 
I'S 

a 

li 

1 J 

jf 

§ 

-q . 

Is 

r 

6 

•*-* 

S 

si 

Tonkin, 

Rhsetic. 

42 

40 

37 

r» : 

32 

18 

48 

2S 

38 

43 

33 i 

34 i 

7<» 

33 

27 

12 


17 

H 

<*) 

II 


4 


0 

H 


2 

— 

- 

* 

V , 

V 

H 

2 

2 

V 

4 

f» ; 

1 

I * 

1 

2 

*vr> 


Ferns 

CycadeaiiH 

Coni fern 

Ginkgos 

Cordaites 

Kquisetuimt 


The flora of the Ipswich Series may now he examined in 
greater detail. 

Equisetales . - The percentage of Equisetales in the Ipswich 
flora is unusually high for a Mesozoic flora. As I have already 
pointed out,t they show affinities with the Equisetales of Rheetic 
floras. Neocalamiies hwrensis occurs in the Rheetic of Sweden, 
and Ifeocalamites Carrerei in the Rhsetio of Tonkin, and iu the 
Stormberg flora (Molteno Beds) of South Africa. Phyllotheca 
australis is one of the few species which continue from the 
Palaeozoic into the Mesozoic in Australia, occurring in the Per¬ 
mian (Permo-Carboniferous) of Eastern Australia, and also in 


. • Amer. Joum. Soi., xxxvi. (1»13>, p.272. 

+ Queensland tieol. Surv., Publication No.232, p.38, 
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the Wiananmtta Stage of the H&wkesbury Series of New South 
Wales. Schizouenra a/ricana occurs in the Beaufort Series in 
South Africa (Permian), and, according to Seward, is related to 
8, gondwanenau from the Talchir, Dainuda, and Panchet Series 
(Permian and Lower Triassic) of India. The remaining species, 
Equisetites rot\ferum , is a widespread type, and very similar 
forms are widely distributed in both Rbeetic and Jurassic strata. 

Filicales. — A majority of the true ferns of the Ipswich Series 
indicate a Rhsetic or possibly greater age for the flora. Sterile 
Cladopklebi *-fronds of the 6\ australis type are of very wide¬ 
spread occurrence in rocks varying in age from Rbeetic to Middle 
Jurassic. Cladopklebis Roylei is a somewhat older type, occur¬ 
ring in the Ranigunj Series (Upper Penman) of India. Dictyo- 
pkyllum mgosutn is a fairly widespread Jurassic (Lower Oolite) 
species, but there is so little difference between it and species of 
Dictyvphyllum in Rlintic floras, that it cannot be regarded as a 
reliable indicator of age. The species of Thinvfeldia in the 
Australian Lower Mesozoic rocks do not appear to be represented 
in the Northern Hemisphere. The three species, 2\ Feistman- 
tdiy 7 \ odontupteroides, and T, lanci/olia , are present in the 
Molteno Beds in South Africa; and 1\ odontopteroides and 7\ 
lancifolia in the Mesozoic flora in Argentina. Danaopsis 
JJuyheii is a Rhsetic or older form, occurring in the Khntic Beds 
of Tonkin, the Burghersdorp Beds of South Africa (Triassic), 
and the Middle Qondwanas of India (Triassic). Sagmvpttnu 
rhoifolia is itself a Rheetic species, but it is at times difficult to 
distinguish between it and 8 . PhiUipsiy a common Jurassic form. 

Qinkgoales The Oinkgoales are represented by a compara¬ 
tively large number of species, and, in addition, they are also 
relatively abundant as regards numbers of individuals. Oinhgo 
antarctic* occurs in the Lower Mesozoic rocks in New South 
Wales, but there is no record of its exact locality or horizon. 0 . 
digitata is a very variable form met with in both Rhntic and 
Jurassic rocks. 0 . magnifolia occurs in the Jurassic strata of 
Oregon, and also bears some slight resemblance to Saw a storm- 
bsrgensis from the Stormberg flora of South Africa. Baiera 
bidens is a very common type, and is similar to species which are 
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abundant in both Rhietic and Jurassic rocks. Ji . ipavicienais 
may be compared with H mult\fida, occurring in the Rhietic of 
North Americu; and B Sitntnond&i also occurs in the Wiana- 
matta Stage of the Hawkesbury Series of New South Wales. 
Siachyopitya annularioidea is a very similar type to specimens 
referred to as S tacky opitya sp., in the Stormberg flora of South 
Africa, and also to Sphenolepia rhcatica from the Khvtic of San 
Juan (Argentine). 

Cycadophyta, —The percentage of species of this group is un¬ 
usually small in the Ipswich Series. Should the genus Tmni - 
opterxa ultimately prove to be a cycad, however, the percentage 
of cycads in the Ipswich flora would be a normal one for early 
Mesozoic floras. The specimen showing expanded bracts, re¬ 
ferred to Bennettites ( Williamaonia) sp., cannot be regarded as 
indicating any special age, as it agrees with similar specimens 
from the Mixteca-Alta flora of Mexico (Rhietic-Liassic), and also 
with B . Carrutherai from the Wealden of England. Pterophyllutn 
multilineatum occurs in the Rhietic of Tonkin, and similar 
species are found in the tiurghersdorp Beds of South Africa. 

Genera incerk b sedia.— The species of Sphenopteria do not offer 
any evidence as to the age of the Series. Species of Tomiopteris 
are not usually to be regarded as reliable indicators of geological 
age. Of the species in the Ipswich Series, some appear to bo 
confined to Australia, while others of them occur in South Africa 
and India. 7\ 2 r eniaon- Woodai and T. Carrutherai are found in 
the Stormberg flora (Molteno Beds), and the latter also in the 
Burghersdorp Beds in South Africa; T. craaaimrvia occurs in 
the Ilajmahal Series (Lias) of India. Stenopteria elongata occurs 
also in the Stormberg flora of Soutli Africa. 

The accompanying Table (Table iii.) shows the relationships 
of the species of the Ipswich flora to species in other floras. The 
Table is arranged in four columns, column 1 showing the species 
with affinity to species older than Rhetic, column 3 those with 
affinity to species in Rhietic floras, and column 4 those of Jurassic 
affinity. The Stormberg flora of South Africa is so similar in 
general appearance, that the species common to the two are 
grouped separately in column 2* 



Tabu, iii\ 

The flow, of the Ipswich Seiies, arranged to show the relation of the species to tht*e of other Hoi as. 
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This Table at once shows that the flora of the Ipswich Series 
is of a facies at least as old as Rhietic. In addition to the species 
occurring in Kinetic floras, there are also a number of species 
which occur in other parts of the world in rocks older than 
Kinetic. The number of species in the Ipswich flora, which 
represent Jurassic types, is not large, and nearly all of these 
are examples of species in which it is often difficult to find satis¬ 
factory distinctions between Rhietic and Jurassic species. The 
only two species of the Ipswich flora, which are characteristic of 
Jurassic rocks, are Twniopteris crassinervts and Ginkgo magni- 
folia: and, regarding the latter of these, I have a slight doubt 
as to the determination in the Ipswich Series 

Of twenty-two species in this Table, eighteen occur in Rhietic 
floras, six occur in floras older than Rheetic, and seven in Jurassic 
floras, only two of the latter, however, being characteristic of 
Jurassic floras. 

The Table, together with the foregoing discussion, shows fairly 
conclusively that the flora of the Ipswich ISeries must tie regarded 
as at least as old as Rhietic, and proliably somewhat older. 

(ft) Walloon Series .—The flora of the Walloon Series comprises 
the following species : -- 

E^tnSkTALES. 

Equisetifes rottferum Tenison-Wood.s. 

Equisetites cf. rajtnahalensis Oldham and Morris. 

Schizoneura sp.« Seward. 

Schizoneura sp. 

Filicai.eh. 

(?)Osmundace«e. 

CladojMebie australis (Morris). 

C. Roy lei Arber. 

(t)Matonineie. 

Phlebopteris alelhople routes Etheridge Jr. 

Dipteridina?. 

Dictyvphyi lum mgosum( t) Lind ley and Hutton. 

2). Davidi Walkom. 

Uammanntatf) Buchxi (Andris). 
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Thinnfeldieee. 

TKinnfeldia Feistmanteli Johnston. 

Th. odontoj>teroiden (Morris). 

Th . laueifolia (Morris). 

(1) Hyd ropter idea*. 

Sagenoptens rhoifolui (Presl). 

QrNRHA IKCBHlJR 8RD1H. 

Spkenoptcn# tmptrba Shirley. 

Stenopterin elongata (Carruthers). 

Phyllopteria Feistmavteli Etheridge Jr. 
7'feniopteris spatnlnta McClelland. 

7\ npalulata vnr. major Seward. 

V. 7'enison- Woodst Etheridge J r. 

2\ Carruthersi Tenison-Woods. 

7\ lenlriculi/hrme (Etheridge Jr.). 

1\ craseinervis (FeiBtnmntel). 

Ginkgoales. 

Ginkgo magm/olia Fontaine 
Baiera Simmondet Shirley. 

Cycadophyta. 

Bennettitales 

Pti/ophyllum ( Wtfliamsonia) peoten (Phillips). 
Cycadophyta incbktjs sedis. 

Pterophyllum almorme Eiheridge Jr. 

P. corUiguum Schenk. 

P. Nathornti (Seward). 

Psettdocteni* eathienais (Richards). 

Otozamitea queenslandi Walkom. 

0. obtusne (Liodley and Hutton). 

0. Feistmanteli Zigno. 

0. MandeUlohi Kurr. 

COKlFKB A LKS. 

V 

Araucariles polycarpa (Tenison-Woods) 
Brachyphyllum craseum Tenison-Woods 
1'axitea planus Feist mantel. 

GbiHJS INCEBTA SBD1S. 

Bhcenieopais elongatu${i) (Morris). 
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The outstanding feature of this Horn is the large inciease in 
the number of cycads. Other noticeable points are the decided 
decrease in the number of speciebof Ginkgoales, and the presence 
of a few Conifers. 

Arranged in tabular form, and omitting from the Table Scht&o- 
neura sp., which may possibly be the external casts of which 
S. sp. a is the pith-cast, and also ThmnicopsU elongatu a, whose 
position is quite unknown, the following result is obtained. 


Kqillfletales 

Filicalen . . 

FilioaleK iuoeitac sedi« 

Tiemopteris 

Cyuadophytn 

(irinkgoaleK 

(Juiiiferalen 


Table iv. 
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33 

25 
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8 

3<i 

42 

6 

8 


Total 
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This Table shows distinct differences from that of the Ipswich 
flora (Table i., p.66), and when, as in column 4, the species of 
Tas7iiopierinB.ro combined with the Cycads, the percentages agree 
quite well with the percentages in .Jurassic floras, particularly 
with the Lower Oolite flora of Yorkshire ($ee Table ii., p.67). 

The flora of the Walloon Series may now be discussed in more 
detail. 

Equisetalea ,—Members of this group are not of uncommon 
occurrence in the Walloon Series. Equ\setite» rotiferum is 
almost indistinguishable from the widely spread E. columnar is 
of Middle Jurassic floras, and Equiselites cf. rajmahalensis is 
closely comparable with the species in the Liassic flora of India. 
&cAt£ 0 neurasp.a is identified with the species described from the 
Stormberg Beds of South Africa. Pith-casts of Equiset&lfs, 
however, cannot be regarded as of any value in differentiating 
between Rhwtic and Jurassic floras. 
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Filicales.— Tlie ferns, although not particularly numerous, 
have the general appearance of a Jurassic flora. CladaphUbxs 
australis, as already stated, is a type of frond of widespread 
occurrence, but is specially close to the (7. denticulata-type, a 
widespread Jurassic form. Phlebopleris alethopteroidss is, in all 
probability, very closely allied to Laeeopteris polypodioids* from 
the European Lower Oolite, though there appears to be a differ¬ 
ence in the venation Dxdyophyllum rugosum is a Jurassic 
type, hut its occurrence in the Walloon Series is doubtful. 
Hausmannxa Huchit, with which some specimens from the Wall¬ 
oon Series have been compared, occurs in Jurassic floras of both 
Liassic and Kimeridgean age. Sagenopteris rhoi/olm, though 
itself a Kinetic species, is, at times, indistinguishable from the 
Jurassic S. Phillipsi. The.species of Tkinnjekha, and StenopUris 
dong at a in the Walloon Series are survivals from the Ipswich 
flora. The survival of a number of species from the Ipswich 
flora to the Walloon flora, and even to later floras, in Queens¬ 
land is to be expected, since there were no violent earth-move 
ments during these times, and no marked changes are known, 
which might have been expected to lead to any unusual dying 
out of the older flora. It is indeed fortunate, for stratigraphical 
study, that there are so many forms in the Ipswich Series, which 
apparently have not survived into the Walloon ISeries. 

(Mtnkgoalss .—There has been a remarkable change in the 
number of members of this group. In the Ipswich Meries, we 
have at least seven species represented, while, in the Walloon 
Series, there are only so far two. (jtnkyo magntfolxa is probably 
identical with Fontaine's G, Jhutoni var. magnifolia from the 
Jurassic of Oregon. The other species, Ilaiera Sxmmonds t, is 
another survival from the Ipswich Epoch. 

Cycadophyta —Cycads form the most prominent element of 
the Walloon flora, in which they are present to the extent of at 
least 25 per cent, of the species, and, perhaps, (if Tamioftieris is 
a Gy cad) 42 per cent. On the whole, they indicate very dis¬ 
tinctly the aspect of a Jurassic flora. Plilophyllum ( William- 
sonia) peclen is a very widespread type in Jurassic (Oolite) floras. 
Up to the present, there is no indication of any Williamsonia- 
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flowers associated with these sterile fronds of Ptilophyllum 
pecten. Plerophyllum Aathorati occurs in the Jurassic of Suth¬ 
erland, Scotland, and very similar forms occur in the Jurassic of 
Oregon; Pi*rophyllum contiguum occurs in the Jurassic of 
Oregon, and also in the Rhietic of Tonkin. Pseudocieuu eathi - 
enaw is practically identical with specimens from the Jurassic of 
Yorkshire and Sutherland. The three species of Otoznmitee, 0. 
ohtunusy 0 Feistmantdi, and 0. Maude! dohi are species occurring 
widely in Jurassic rocks, and 0 . Mandddoht occurs in the 
Mixteca-Alta flora of Mexico. 

Conijeratfis. — Remains of Conifeis are not abundant in the 
Walloon Series. Cones have been described, and referred to the 
genus Araucarile* , indicating that they are similar in geneial to 
cones of the present-day Araucaiia. A few fragments have 
been referred to the genus Braehyphylfum, and some specimens 
to Taxiten. The specimens referred to Ta&iten planutt show a 
very dose resemblance to, and are probably identical with, that 
species, as described ftom the Upper Gondwaua Beds (Liassic) 
oil the Madras coast of India. Similar forms to ttmchyphyllum 
crasBum occur in the English Jurassic floras. 

The accompanying Table (Table v.) shows the flora of the 
Walloon Series arranged in two columns, column 1 including 
those species comparable with species occurring in beds older 
than Jmassic, and column 2 those comparable with Jurassic 
species. 

Taio.h v. 

Flora of Walloon Series, showing affinities of species with regard to age. 

1 2 

Species with affinity to Species with affinity to Jurassic 

Species older than J urassic. Species. 


Eydimlile# rottfernm 
Scfnzontara sp. a 
CtadopMdn* auetrati* 

O'. Hoyfei 

Tkinvtfeldia Fei*t inuttUJ i 
Th. odonlopteroidts 
Th. laneifolia 


EquimliU* rotifemm (M. Jur.) 

E. uf. n(jinahaJ<ntii8 (Liassic) 

UtadopkMn* aufitraii* (L. Oolite) 
Phlrhoptn'i* afefAopTerotdes (L. Oolite) 
Diclyophyllum ruyomm (L. Oolite) 
Han*manniti (?) Bmhii (Liassic, Kimeridge) 
Sayenopteri# rhojfotia {S. Phillipn; Oolite) 



7 A GKO LOG V OP LOWER MEBOZOtC ROCKS OF qUKKNSLAND, 


Table v. — ( eotrfmvA d). 


Npeuiert with affinity to 
Hpeoitu* older than Juratmio. 


2 

S pomes with affinity to Jurassic 
Species. 


Sayenopte.ris rho'tfofla 
Sttnopteri* rfoniftita 
Ttrntopterin Ttnh/on- Woods/ 
T. Oarruther*i 
<t iukyo nuujni/o/ia 
Bakra SimmotM 
Pt trophy Hum rotdiy/tum 
Otozamitte Maude!kohl 


Phyffopierk Ft khnanfefi 
Ttvnbftfertu xf/a/ufata (TJuh) 

T. nj tat id at a vai\ major 
T. onsxintrnx (Lias) 

(tiiikya mwjni/ofm {Jutn.Ksk' of Oiegcn) 
Ptifophyffnm l WilfiaiHnonut) petit n (Oolite) 
Pierophythim eouihpium (Jurassic uf Oregon) 
P. Naihorntt (Kirneridge) 

PneudocUnh* eaihitimn (Kinieridgc) 
Otazamile* oft turns (L. Oolite) 

0. FeishuanteJi (L. Oolite) 

O, M and tin/oh l (Lias) 

Brarhyphylfutn cmtunim 
Tnxdtx ijlanus (Lias) 


The ages of the species, or of very closely related species, in 
column 2 are indicated in brackets after each one. 

Examining this Table, we find that, excluding the six species 
common to the two lists, there are nine species with affinities to 
species older than Jurassic, and fifteen species with Jurassic 
affinities. Of the nine species regarded as older than Jurassic, 
eigiit occur also in the Ipswich Series, and are the species which 
survived from the Ipswich to the Walloon Epoch; there is only 
a single species (and that an equisetaceous pith-cast, Schizoneura 
sp.u) which could be considered as an argument in favour of an 
age older than Jurassic for the Walloon Series; whereas there 
are fifteen species characteristic of Jurassic floras, which appear 
in the Walloon Series, and were not present in the Ipswich 
Series. No other conclusion, then, seems possible, than that the 
flora of the Walloon Series indicates that the Series is homo- 
tax in) with strata of Jurassic age, and the greater number of 
species (ms Table v.) indicate a lower Jurassic age, Liassio or 
Lower Oolite. It is possible that the Walloon Series represents 
deposition over a period covering both the Liassic and Lower 
Oolite of Europe. 
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(c) Comparison of floras of the Ipswich and Walloon Series . - 
We arc now in a position to compare the Horas of the Tpswich 
and Walloon Series As a result of all previous examinations 
of these horas, it has been observed that there was no paleonto¬ 
logical distinction between the floras of the two Series; e.g , Mr. 
Cameron states :* “ Tt does not, however, seem possible to draw 
any distinction between the formations from paleontological 
evidence, most of the fossils as yet found in the Walloon Beds 
occurring also in the Ipswich Beds.” 

The failure to note paleontological distinction between the 
two has been due, however, to imperfect collecting, and to the 
fact that the material available has not been thoroughly ex 
amined since the examination by Mr. Etheridge, prior to the 
publication of the 11 Geology and Palaeontology of Queensland 
And New Guinea,” in 1892. In 1898, Dr. Shirley examined and 
described a number of specimens, but all the Lower Mesozoic 
specimens among them were from the Tpswich Series. The same 
author, in 1902 recorded a few more specimens from the Ipswich 
Series, and some from the Stewart’s Creek Beds (of Walloon age). 
At the time of these publications, however, there was no subdivi¬ 
sion of tho Ipswich Formation into Ipswich, Bundambo, and Wal¬ 
loon Series, so it is not remarkable that no distinction of horizons 
was noted in the upper and lower portions of the formation, 

A glance at the following Tables (Tables vi. and vii.) at once 
shows that there are points in which the two Series can be dis¬ 
tinctly separated, and that there are a number of species char¬ 
acteristic of each. These species, characteristic of only one 
Series, are the more important ones from a stratigraphies) point 
of view, and the finding of some of them may, in the future, be 
used for fixiug the ago of the strata in which they occur. 


Queensland Geol. Surv., Publication No. B0# v p.16. 
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Tablk vi. 



Ipswich Series. 

Walloon Series. 


No. of species, 

No. of species 

EouiBetales 

Kilicales 

iJ) 
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10 

Genera inaerUr Beilis — 



a, protahly FilicaleH 
h , Tieiiioptevis 

«i 

s 

<> 

Cyawlophyta 

2 

0 

Ginktfotttes 

7 

a 

CnniferaleH 

0 

a 



I Aim Coalfield. 







BV A * B. WAI'KOM* 


Table vii.— {continued ), 


Walloon Seri 


2 S 

a .* 
i all 

& i m 3 


Zi 5 

Ifi S 


Sjihenopt* n* xtiptrhtt 
Stnuyiten* efomjata 
/ *h yUopten* Ft tat mu nfeti 
Ttt'Hnytfet'in ejnttufnta 
T, MjMtfnluta vat*, major 
T. TeniHon- \Yooft*i 
T. Oncciitkerni 
T. tenfnni/t/orme 
1\ IhuiAtnni 
T. tnanamatUr . . 

T. eraAtinerria , . 

(riuktfoaleH. 

(fiitkf/o aufatrfirtt 

it, dujitata 

it, of. tnatjnifofia 

Haitm Simmondv 

H, hideue 

tl, \jiMncien*i* 

it, tfttikt/oule* . 

(?)Uinkgoales. 

Xtochyojrity* nntut/nrioirftM , 

S, Simmondtn . 

Cyoadophyta. 

Hennettitf* {If ’tJhamrtHtkt) sp. 
Ptifojriiy/hun ( \Vdliamaonia) 
pectcn 

Pttrophyi/um altnnrmt 
Pt, contiffnum 
Pt, multi! itwztnm 
t*t, Nathornti 
Pwudoctcnis eathiewns 
Otozamite* queendawli 

(). ohtnnus .! 

O. Feist manteli 
O. cf, Mandeb!oh i 
Gonifer&lea, 
Arunearitz* polycaiya 
Brachyjihyihm crassnm 
Taxiks planus 

Genua inoertee aedia 

Pha’nicoptri* eJongatus 

Uymnospermous seeds 


Laura Coalfield 
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The marked difference between the two floras shows in the 
Gym nos perms. In the Kquisetales and Filicales, there is little 
difference as regards number of species. Only two of the species 
of Kquisetales, and seven of the Filicales, however, are common 
to the two Series; and, of the others, those in the Ipswich Series 
are of older type than those in the Walloon Series. When the 
Gymnosperms are examined, however, a marked distinction 
between the two Series is to be observed. Twenty-two species 
are described from the Lower Mesozoic rocks, and only two of 
these species are common to the Ipswich and Walloon Series. 
These two species are Oinkyo of. magnifolia and Bairt'a Sim - 
mondni. Ginkgoales are abundant, both as regards number of 
species and number of individuals, in the Ipswich Series, but are 
only poorly represented in both respects in the Walloon Series. 
Oycads are represented very sparsely, as regards number of 
species, in the Tpswich Series, whereas they constitute perhaps 
the most prominent feature of the Walloon flora, being very wide¬ 
spread in distribution and occurring in large numbers on some 
horizons. The species of OtozamitOB form one of the most char¬ 
acteristic and distinctive features of the Walloon Series. Up 
to the present, no Conifers are known from the Ipswich Series,* 
whilst there are three species representing three genera from 
the Walloon Series. 

Table viii. shows the species occurring in Queensland, which 
are, so far as we know, found only in one Series of the Lower 
Mesozoic rocks. 

Taulk viii. 

Species known only in 
Ipawioh Series. 

PhpUothaca amfra/U 
NtocaJamiU* hetrtima 
N. of. Carters i 
SchitaMura of. africana 
GmiopUri* ddicatnlu 
Tkinitfetdia acuta 
Danasopri* Hughtni 
Sphcnoplerift lacunom 
TatniopUria Dunatani 
7*. tvianamaike 

• See footnote on 


the Species known only in the 

Walloon Series. 

Phiettopteri* atefhopteroidea 
Dictyophpllum IJamdi 
Haumannia(y) Buchii 
Phyt/opteri* PeiMmanteli 
T&niophsrt* apahUata 
T. apatulata var. major 
PtilophyUum ( WUliam&onia) pteteu 
PttrophyHum abnorme 
P. ccntiguum 
P, Nathorrti 
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Table viii,— {continued) 


Specie** known only in the 
Tptmioli Kctieft. 

(tinkf/o unhurt ten 
ti. dtffdata 
Haleru hidm* 

H. ipM'U'itHMt* 

H. <fmkffotdrn 

Stiirhyopity* annulanoide s 
S. Swimond*i 

Hennettite* ( \Ydttfimxoma) *p. 
Hteroph yUnm m nftdi neat tun 

(rynihORpmnnuH m*ei|K 


Nperies known only in tin* 
Walloon SeiieH. 

! pMendactcim entJnriiMi* 
j Of ovum te h f/necndandi 
| O. illrfltHH't 
1 O Femtinanti h 
I O. Mande/nfo/tt 
A * an ra / itr* /njfyt urjui 
\ fintrhypltyHtun rra^nm 
Tn nten ft!tunt* 

Fluent* opst* t font fit fa* 
l 


(tf) Aye <\f the Queensland Lower Mesozoic Rocks .—The evi¬ 
dence of the fossil floras of the Ipswich and Walloon Series is 
very strongly in favour of a Triassic Age for the former, and a 
Jurassic Age for the latter. 

The flora of the Tpswich Series shows maiked resemblance to 
floras which are regarded as Kinetic in age in other parts of the 
world, particularly those of Tonkin and South Africa. Regard¬ 
ing the actual position in the Geological Record of many of the 
occurrences classed as Rheetic from their fossil flora, I have re¬ 
ceived some interesting information from Dr. A. L. du Toit, of 
the South African Geological Survey.* 

Dr. du Toit has come to the conclusion that some of the so- 
oalled Rheetic strata would be better placed in the Upper Trias 
(Keuper) than in the Ilhaetic. He includes among these the 
strata in South Africa, Tonkin, and Persia. In the case of South 
Africa, he finds this is borne out by an analysis of the vertebrate 
fauna of the Red beds and Cave sandstone overlying the Molteno 
Beds, which is of Triassic affinities. He concludes that the flora 
of the Molteno Bede ie of Keuper Aye and not younger. 

The Ipswich flora is undoubtedly very similar to that of the 
Molteno Beds (sec Table iii., column 2), but the finding of Olaee- 
opterit in the latter suggests that it is possibly slightly older 
than the Ipswich flora. 

* Letter dated 2nd December, Ittlfl. 

a 
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From the evidence available, we are justified in stating that 
the flora of the Ipswich Series indicates distinctly an Upper 
Triassic age, possibly Rluetic, but probably older. 

The flora of the Walloon Series is decidedly of a Jurassic type, 
and the typical Jurassic forms in the Series seem to consist of 
about equal numbers of species characteristic of Liassic and 
Lower Oolitic strata. The Walloon Series is of very great thick¬ 
ness (probably of the order of 10,000 feet), and when it has been 
studied in greater detail, it seems quite probable that it may 
have to be subdivided into a number of stages. For the present, 
we inay regard the Walloon Series as representing a portion of 
the Lower Jurassic System corresponding at least to the Lias 
and Lower Oolite. 

It is very difficult to draw any reliable conclusion as to whether 
the Bundamba Series should be placed with the Ipswich Series 
in the Triassic, or with the Walloon Series in the Jurassic. 

There is no fossil evidence which may be taken as a guide. 
Both Mr. Cameron and Mr Dunstan have drawn my attention 
to the usual association of the Bundamba Series with the Ipswich 
Series, rather than with the Walloon Series; and, on thisaccount, 
it is, for the present, tentatively placed in the Triassic System 
with the Ipswich 8eries 

Correlation ov the Lower Mesozoic Rocks of Queensland 

WITH THOSE OF OTHER AREAS IN AUSTRALIA. 

In considering the correlation of the Queensland Lower Meso¬ 
zoic nicks with those of the other States, their relations with the 
StateB will be discussed separately iu the first place, and then 
the results summarised by drawing up a table indicating the 
relative positions of the various occurrences. 

(a) New South WcUet .—In New South Wales, the strata of 
Lower Mesozoic age comprise (a) the Hawkesbury Series, includ¬ 
ing the Narrabeen Stage, Hawkesbury Sandstone Stage, and 
Wian&matta Stage, to which a Triassic age has generally been 
assigned; (6) the Talbragar Beds, the Clarence Series, and the 
Artesian Series, which have been regarded as of Trias-Jura age. 
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The Hawkesbury Series is divided into three Stages, viz.:— 
Narrabeen, Hawkesbury Sandstone, and Wianarnatta in ascend¬ 
ing order. The Narraliecn Stage consists mainly of sandstones 
and shales, the Hawkesbury Stage of massive sandstones char¬ 
acterised by current-bedding, and the Wianarnatta Stage mostly 
of shales. 

This Series comprises a baBin, and is apparently conformable, 
in the central portion of the basin, with the underlying Peimian 
(Permo-Carboniferous) System; but, in the marginal areas, there 
is an overlap amounting to unconformity The Hawkesbury 
Sandstone Stage rests conformably on the Narral>een Stage, 
while the Wianarnatta Stage occupies a slightly eroded basin in 
the Hawkesbury Sandstone * 

The Talbragar Beds cover only a small area, and occupy a 
basin eroded in the Hawkesbury Sandstone; and there is no 
doubt of an unconformity, stratigruphic&l as well as paleonto¬ 
logical, between the Hawkesbury Sandstone and the Talbragar 
Beds. 

The Clarence Series occurs in the north-east of New South 
Wales, between the New England Tableland and the coast; and, 
at its northern end, it is continuous with the Walloon Series of 
Queensland. Reference to the latest Geological Map of New 
South Wales shows that the Clarence Series is practically con¬ 
tinuous with the Walloon Series in the neighbourhood of Mt. 
Lindsay, and also that, further west, it is continuous with the 
eastern branch of the belt of Walloon Series on the Darling 
Downs, extending through Warwick and Killarney to the border 
of New South Wales. 

The Artesian Series of New South Wales exists on the western 
margin of the New England Tableland, and extends along the 
eastern margin of the Great Australian Artesian Basin. It is 
practically continuous into Queensland with the belt of Lower 
Mesozoic rocks extending past Warwick and Toowoomba. It is 
seen, then, that the Clarence Series and Artesian Series are each 
directly connected with the belt of Walloon Series in the Darling 

* See Carne, N.S.W. Handbook, B.A.A.S.. 1914, pp.601-607. 
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Downs, and they muBt, therefore, be identified with one another 
as regards age, on the evidence of their field-occurrence alone. 

Lithologically, the Clarence Series is divisible into three divi 
sions, the middle one consisting of a scries of massive sandstones. 
This lithological division led to a consideration of the possibility 
of the three stages being the equivalents of the Narrabeen, 
JHawkesbury Sandstone, and Wiananiatta Stages of the Ha*kes- 
bury Series. Mr. Carne* has, however, shown, in a convincing 
manner, that this is not the case. 

Another possibility that must be considered is, that the three 
stages of the Clarence Series might be the equivalents of the 
Ipswich, Bundarnba, and Walloon Series of Qucriisland. Un¬ 
fortunately, the Clarence Scries has not been examined in great 
detail geologically, but the fact, that Carnc indicates the presence 
of Tctniopteris spatulaia [7'. Daintreei] in the lower part of the 
Series, t is sufficient to render the correlation of any part of the 
Clarence Series with the Ipswich Series improbable. It is pos¬ 
sible that the saudstones and conglomerates at the base of the 
Clarence Series may be the equivalents of the Bundatnba, but, 
on the present evidence, J believe that the greater part of the 
Clarence Series (if not all of it) is to be correlated with the 
Walloon Series of Queensland. 

Fossil plants are present in varying abundance in the various 
Lower Mesozoic Series of New South Wales. No thorough 
examination of the flora of the three Stages has been undertaken, 
and, therefore, the compilation of satisfactory lists of the floras 
of the different Series is not an easy matter. The following lists 
have been drawn up from descriptions and lists published from 
time to time, the majority of the determinations of New South 
Wales Me&Ozoic plants having been made by Messrs. R. Ether¬ 
idge J uttr., and W, 8. Dun. Names included in square brackets in 
these lists are conclusions or comparisons suggested by myself to 
bring, where possible, the New South Wales determinations into 
line with my own work on the Queensland flora. 

* Came, Mem. <ieol. Surv. N.H. Wales, Geology, No.6, 1908, pp.31-40. 
t Came, op, c&, p.34. 
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List of fossil plants recorded from the Lower Mesozoic rocks 
of Now South Wales :— 


i. Hawkesbury Hkkiss. 

(a) Narrabeen Stage. 

Thinnfeldia „ n.sp 
Sphenopteri* sp. 

Oleandridium[ Tamiopteris sp.J 
Afacrotteniofrtens \l\en%opteris 

sp ;J 

Ttrniopteria cf. McCleflandi. 
Ginkgo dilatatn var lata. 
Rhipidopsis ginkgo idea var. 

Sussmilchi. 

Araucarites (cones). 
Hrachyphyllumty. 

(b) Hawkesbury Sandstone Stage. 

Ottelia preeterita. Thinnfeldia odontopteroides \T. 

Phyllothcca concinna. Feislmanteli]. 

P. Hookeri. Afacrotmuiopteris. 

Equisetnm. M. tvianamattre. 

A lethopteris Oleandridturn lentriculifoi me. 

(c) Wianamatta Stage. 

Pkyllotheca Hookeri. Afacrotmiiopte* is wtavamattm, 

P. australi *. Sphenojfteris 

Thinnfeldia odontopteroides [7'. Pecoplerislf) tenuifolia. 


Equisetnm. 

Pkyllotheca, 

Schizoneura australis. 
Alethopteiis sp. 

Cladophlebiu cf. Roy lei. 
Thinnfeldia narrabeenensis 
T. lane folia. 

T. odontopteroides . 

T. oc?oa<o;^?*oui«tf(Hawkesbury 
type) [ = T. Feistmanteli ]. 


Feistmantbli and T. odonto¬ 
pteroides]. 

Thinnfeldia, small var. land- 
folta- type. 

Gycadopteris scolojtendrina. 


Gleichenia duhia(l). 

Alethopteris australis [Clado- 
phlebis australis ] 

Baiera mult\fida[B.Simmondsi] 
Pterophyllum(l). 


ii, Talbragar Srribs. 

Thinnfeldia odontopteroides. Podozamites lanceolalns . 

Thinnfeldia sp. P. spathulatus . 

Neuropteridium australe P. longfolius. 

Sphenoptsria sp. Podozamites sp. 

Tccniuptsris Daintreei [T. spa Taxites cf. T. planus, 
tulata]. 
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iii. Clarence Series. 

Ahtkopisris austral is [ Clado - Timioplet is Dainlren | T. spa- 
phlebis australis). tulata). 

Thinn/eldia odonloptw oid<8. T. Tsnison - Woodst. 

Sphtnapteri*. 

iv. Artesian Series. 

IWniopteris Daintreei [7 r . spa- Thinv/eldta odontopt^roxdfs. 
tulata ]. /iaiera. 

The plant to which special prominence has been given, in 
dealing with Australian Iwouer Mesozoic strata, is Ttmiopteris 
spatulata [T. DainCrtei]. This plant is of very widespread oc¬ 
currence in Kastern Australia, and seems to he a reliable indi¬ 
cator of age. In Queensland, it is found abundantly in the 
Walloon Series, but not in the Ipswich Series. In New South 
Wales, it is found in the Clarence Series, Artesian Series, and 
Talbragar Series, but not in any stage of the Hawkesbury Series. 
There is no doubt of the identity of both the Clarence and Arte¬ 
sian Series with the Walloon Series, for they are continuous in 
the Held. The Talbragar Series is uuconformable on the Hawkes¬ 
bury Sandstone, and the presence of '/Wniopteris spatulata in the 
Talbragar Series indicates the relation of this Series to the 
Walloon Series; the occurrence of a Taxites comparable with 
7 T . planus is additional evidence for assigning the two Series to 
the same period. 

The next point to be considered ib the relation of the rocks of 
the Hawkesbury Series to the other Lower Mesozoic rocks. 
There is no doubt that the Hawkesbury Sandstone is older than 
the Talbragar Series, and, therefore, older than the Walloon 
Series. What then is the relation between the Ipswich Series 
and the Hawkesbury Series? In tho following Table are in¬ 
cluded the species of plants in the stages of the Hawkesbury 
Series which are identical or closely comparable with species 
in the Ipswich Series, the allied species in the Ipswich Series 
being indicated in square brackets. 
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TABUS lx. 

Table showing ftpecieu in the Hawkeabury Senes identiual m dourly 
comparable M'ltli speoieH in the Ipswich Set ice. 


Narraheen Stage. 


Thmnfildia laneifohn 
T. odontojderoide# 

T. xloHfojttvrotffcx (Haw- 
kesbury type) [ - 7\ 
Feint manteJi] 
CladophUtU of. Royhi 


Hawkenbury Sandstone 
Stage. 

Th ivvfeldm odon t opt f-void?* 
\—T, Feittfmanfeli] 
()/eandndinm[ Tteinofttf ri* I 
f eat nr nf forme 
Mnct'ottndofitenx | To mop- 
teri*] H'ianamatftv 


VVianamatta Stage. 


I *hyllntheea a out raft* 
TkiUttfiMm <*lunfop(trotdt * 
l-T. odon topte wide# and 
T. Feint mantelt\ 

T. fmirfohu 

MacroUnnoptt ri* f Tien top- 
ten*] triatiamatfir 
Afetlioptenn | Cfadophlthtu] 
autthnhH 

Haunt nndtijida \B. Sim ■ 
uwudti] 

?/V trophy! /«w(?) up. 


It must be admitted that the flora of the Hawkesbury Series 
has been but imperfectly determined, but what evidence theic 
is, goes to show that the Ipswich flora is much more closely 
related to that of the Wianamatta Stage than to either the 
Hawkesbury Sandstone Stage or the Narrabeen Stage. 

Having considered the evidence of the fossil plants, we may 
now briefly deal with the evidence provided by the other fossils 
in these Series. 

The results so far published, of the examination of fossil 
insects* from the Ipswich Series and Wianamatta Stage, do not 
give promise of any special value from a stratigraphical point of 
view, though, no doubt, they are of interest to the entomologist. 
However, the fact that insects are found, more or less abund¬ 
antly, in these two Series, and have not yet been discovered in 
the other Series of Lower Mesozoic rocks, with the exception 
of Cicada (f) lomi in the Talbragar Beds, is a point which must 
be taken into consideration when discussing the correlation of 
the Series. The insects in the Wianamatta Beds belong to the 
same Orders as some of those in the Ipswich Series, and, in one 
case, the same genus is present, but there is no specific identity. 

* Queensland Geol. Surv., Publication No. *253. 
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One species of Eatheria has been recorded from the Ipswich 
Series (E. mangalienau Jones), and one from the Narrabeen 
Stage (A'. Coyhlani Cox). The two species are different, and the 
Ipswich species lias been identified by Etheridge* with E. man- 
gaheuffitt from the Damuda Beds (Permian) of India. 

Two species of Unio (U. ipsvicienaia and U. eyrenaia) have 
been described from the Ipswich Series; and two species of Unio 
( U . wianamaUenttia und U, Dnnstani) together with two species 
of Unionella ( U. bowrahnaia and U . Carnei) from tlie Wiana- 
rnatta Stage. Tliey are the only pelecypods recorded from the 
Lower Mesozoic rocks of New South Wales and Queensland. 

Fossil fish have been found somewhat abundantly on certain 
horizons of the Hawkesbury Series, and in the Talbragar Series; 
and have been described by Dr. A. Smith Woodward.t 

From the Talbragar Series, seven species were described, all 
being new.J Regarding the age of this fish fauna, Woodward 
concludes (op. cit., p.26) “ The Talbragar fish-fauna is, therefore, 
probably not earlier than the Upper Lias, and may be referable 
to the liower Oolites. 1 ’ 

The results of his examination of the fossil fishes from Qosford 
and St. Peters are remarkable. The Gosford horizon is about 
the junction of the Narrabeen and Hawkesbury Sandstone 
Stages, whereas the St. Peter’s horizon is in the Wianamatta 
Stage, and is some 900 to 1,000 feet above the Gosford horizon 
Regarding the fish-remains from Gosford, Woodwaidg concludes: 
*• So far as can be determined from the fishes, therefore, the 
Hawkesbury beds may be regarded as hornotaxi&l with the 
Keuper of Europe, or, at latest, with the Rhetic; and, on the 
whole, the present writer is inclined to adopt the first of these 
interpretations.” 

In the case of the St. Peter’s specimens, the fish were collected 
in two types of matrix, viz., an indurated shale or cl&ystone, and 
a grey mudstone, the former occurring as several bands sepa- 

* Geology and Paleontology of Queensland, p.397. 

*■ Mem. Ueol, Surv. N. S. Wales, Palaeontology, Nos 4, 9, 10. 
t Ibid.y Palaeontology, No.9. 

| Ibid ., p.53. 
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rated by the latter. Woodward rcfcrb to the fish from the 
indurated shale as indicating a distinct Permo-Carboniferous 
age, and tl^ose from the grey mudstone as Triassic or Rhsetic.* 
Obviously, great caution must be exercised in using these results 
for the purpose of correlation. 

(6) Victoria .—The Lower Mesozoic rocks of Victoria comprise 
series of shales, felspathic sandstones, and mudstones, with 
occasional conglomerates, which are developed in three areas, 
viz., 8outh Gippsland, Cape Otway, and Wannon River. Asso¬ 
ciated with these rocks are coal-seams up to nine feet in thick¬ 
ness. Analyses of the coals are of the same general type as 
analyses of the Ipswich coals The flora of some of these beds 
has been described by Seward, t whose conclusion regarding their 
age is, that they are approximately the same age as the Inferior 
Oolite of England, or the Ilajznahal 8enes of India.}; Occa¬ 
sional additions to the species described by Seward have been 
recorded by Chapman. 

The following list comprises the species described by both 
Seward and Chapman : -- 

Marchantitcs sp. Thinn/eldia McCoyi. 

ftEqnisetites wonthaggxensis. Thinn/eldia sp. 

Eqnisetites sp. khizomoptens Etherxdgex. 

aLycopodites victorue ftStenopteris Hongata. 

Adiantiles Lindsay aides. ftStenopteris sp. 

aConiopteris hymenophylfotdes alt inky a sp. 

var. auslralica . uBaiera australis. 

Sphenopieris ample. all, gracilis . 

Sphenopteris sp. Ginkgo (female flowers?). 

Tcenioptcris Daintreei . <* Xilasonta sp. 

al\ Daintreei var. major. Podozamit*s liarkhj *. 

(IT. spatulata var. crenata . P ellipticus. 

aCladophlebis denticulate var. ftP. Kidstom. 

australis. P. long/otiu*. 

ftThini/eJdia odontopteraides . a A raucarites sp. A. 

* Mem. Geol. 8urv. N. 8, Wales, Palaeontology, No. 10, pp.27, 29. 
t Reo. Gaol. 8urv. Victoria, Vol. L, Pt,3, 1904, 
t Op. dt p.184. 
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Araucarias sp.B. ftPalissya australis. 

ftConiiss sp. ftCheir ole pis (?) setosns, 

cf. Brachypkyllum fcp ft of. A Ihertxa australis, 

ftB, yippslandicum . Carpolithes sp.A. 

a Taxites sp. Carpolithes sp.B. 

The species marked ft are recorded by Chapman, in addition 
to those described by Seward. 

Of the species in this list, those marked with a (10 in 
number) are similar to types occurring in the Lower Oolite 
of England. 

In the Victorian Lower Mesozoic rocks, a tooth and scales of 
Ceratodus have been found, and also a claw of a dinosaur. One 
species of Unio (U. stiilingi) occurs in these beds. 

Although the number of species of plants common to the Vic¬ 
torian and Queensland Lower Mesozoic rocks is small, there is 
no doubt that the Victorian flora resembles the Walloon flora 
much more than it does the Ipswich flora. A few species, e.g. t 
Tasniopteris Daintreei ( — T. spatulata ), T. Daintreei var. major , 
and Cladophlebis denticnlata var. australis (- C . australis) are 
identical with forms of the Walloon Series; while others, as 
Sphenopteris ampla, Baiera gracilis , cf. Brachyphyllum sp., and 
Taxites sp., are closely allied to forms found in the Walloon 
SerieB. The occurrence of Tasniopteris spatulata and the conifers, 
iirattcortto, Brachyphyllum , and Taxites is sufficient to show 
clearly, that this flora is not to be compared with that of the 
Ipswich Series. There appears to bo no doubt that the Victorian 
Mesozoic Coal-Measures are to be correlated with the Walloon 
Series in Queensland, and its equivalents in .New South Wales. 

(c) South Australia .—In South Australia, the strata of Lower 
Mesozoic Age comprise the south-western margin of the Qreat 
Australian Artesian Basin, and an outlier of this preserved as a 
faulted basin in the neighbourhood of Leigh’s Creek. The 
Leigh's Creek basin is quite isolated, and surrounded by rocks 
of Upper Cambrian Age; the basin is 16 miles long, and has a 
maximum breadth of 6 miles; the total thickness of strata in it 
exceeds 2,000 feet of shales and carbonaceous shale;, with bands 
of limestone and sandstone, and a belt of very hydrous coal, 48 
' feet thick. 
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Recent developments in Queensland show that large areas of 
sandstone on the margin of the Artesian Basin, which have pre¬ 
viously been regarded as of Cietaceous Age, must now he con¬ 
sidered as equivalents of the Walloon Series. Future work may 
show that the marginal portions of the Artesian Basin in South 
Australia represent the same sandstones, though these are all at 
present mapped as Cretaceous. Near the margins of the basin, 
the water-bearing sandstones obviously approach close to the 
surface, as shown from bore-records, and it seems more probable 
that they outcrop, than that they are overlapped by the Cre¬ 
taceous. 

The fossil plants recorded from the South Australian Lower 
Mesozoic rocks are 

Thinv/eldia odontuplvroidas AfethopUri* sp. 

Feistmantefi ]. Equittrtum 2 spp. 

T madia [? T. lanci/oiia]. Franelopsit*(\), 

Jfaoi ottaniopteris unauamaltir. Antfn ophyopsi»{!) sp.ind. 

Twnivpteria Jiuctnans. 

Phtfllojtteris Feistmavteli occurs at Ooroowilanie Swamp, about 
100 miles north of Leigh's Creek, but this may ho in the Creta¬ 
ceous rocks. This list has been drawn up by Howchin,* mainly 
from determinations by Etheridge. Unio eyievsis hIso occurs 
abundantly in the same rocks. 

This list of plants does not provide any very conclusive evi¬ 
dence regarding correlation with other Australian strata. There 
scorns no reason for not considering the Leigh's Creek basin as 
an outlier of the Artesian Series; and, further, the identity of 
the Artesian Series with that of New South Wales and the 
Walloon Series in Queensland is hardly open to question. 

(d) Western Australia . —Western Australia provides the only 
Australian example of marine and freshwater fossils of Lower 
Mesozoic Age occurring in association with one another. The 
exact relation which the plant-bearing beds bear to those with 
marine fossils is not clearly stated, but it may be inferred from 
a study of Bulletins 36, 3d, and 50 of the Geological Survey of 
Western Australia. 

* British Assoc. Adv. of Science: Handbook of South Australia, 1014, p.225. 
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The marine fossils fix the age of the Lower Mesozoic of Western 
Australia as Jurassic, and Etheridge refers those from the 
Greenotigh River to the Oolite.* The Jurassic rocks cover a 
large area in the Champion Bay district, near Geraldton, par¬ 
ticularly between the Greenough and Irwin Rivers. According 
to Gibb Maitland, they consist of “oolitic limestones, days, sand- 
stones (which are often ferruginous), grits, con glome lates, and 
lignites.”! They are horizontal or gently undulating, and their 
thickness has been proved to the extent of 2,000 feet, by bores 
in the Champion Bay district. 

From these rocks, Arberj has described Oluuitnites Feist- 
mantel and a coniferous fragment from near Minginew: and he 
lias pointed out the resemblance of these to fossils from Tulgai, 
Darling Downs, and Rosewood, west of Rockhampton in Queens¬ 
land. 

Examples of fossil plants in close association with marine 
fossils are noted by Campbell.§ Speaking of Mt. Hill,|| he bays, 
“Fossil steins of a plant, apparently a species of Equisetaceie, 
and Palm or Otozamites stem-scales and pieces of wood occur in 
the sandstones and grits of the north side.” 

“A limestone band occurs at about 100 feet below the summit 
of the hill, and can bo well seen on the fence-line, 10 chains 
west of the summit. Here, numerous Jurassic fossils occur in 
an excellent stated preservation. On the ridge, also, extend¬ 
ing north from the summit, there is a fossil if erous, fine-grained 
sandstone.” 

The results of Dr. Arber’s examination of the plants from 
Minginew were apparently available to Mr. Campbell, since he 
quotes (p.58) Arber’s conclusions, so it may be presumed that 
the plants from Mt. Hill are similar to those from Minginew. 
On Plate 5 of the same work, in the vertical section of the Don- 

* Geol. Surv. West Australia, Bulletin 3U. 
t (tool. Surv. Went Australia, Bulletin 50, p.'Jl. 

X Ibid., Bulletin 30, p.25. 

8 Ibid Bulletin 38. 

II Dp. ctp.60. 
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gars bore, “fossils” are indicated in shale at 535 feet, and 
“plant-remains” at about 1,300 feet. 

Although the information is scanty, it may be concluded that 
comparatively flat-bedded rocks of Jurassic Age, and of con¬ 
siderable thickness, cover a large area in Western Australia; 
that these beds contain both marine and plant-fossils, and that 
the plant-fossils include equisetaeeous sterns, Otozamitea and 
coniferous fragments, and also petrified, coniferous wood. 

Where definite evidence for accurate correlation is scanty, as 
in the present case, all possible indications must be considered; 
and, at the same time, caution must be cxercisod in drawing 
conclusions. Tn comparing these Western Australian Jurassic 
rocks with the Lower Mesozoic strata of Queensland, the follow¬ 
ing points stand out. (a) In the Western Australian Jurassic, 

the only definitely determined plant is Otozamites Feistmanteliy 
which occurs in a fine-grained, ferruginous sandstone, possibly 
of Oolite age; (b) in Queensland, fossil plants are abundant in 
the Lower Mesozoic strata, but the genus Otozamites occurs only 
in the Walloon Series, and usually in a fine-grained, ferruginous 
sandstone, which is of very wide occurrence;* (c) the species 
Otozamites Feistmanteli occurs both in the Western Australian 
Jurassic and in the Queensland Walloon Series 

The indications, then, point to the probability that the Wall¬ 
oon Series is homotaxial with the Jurassic strata of Western 
Australia. Tf, as the author believes, the development of the 
fine-grained, ferruginous sandstone containing Otozamites Feist - 
manteli indicates peculiar conditions under which deposition 
took place, then there is the further indication that the two 
Series are synchronous. 

(e ) y’asmanin .—A rich, Lower Mesozoic flora is present in the 
strata of that age in Tasmania. This flora, however, has been 
untouched for many years, and the existing descriptions and 
figures by Johnston are too imperfect to be used for any purpose 
of definite correlation. In addition, Mr. Twelvetrees, Govern¬ 
ment Geologist of Tasmania, kindly informed me that the rela¬ 


te shove, p,50, 
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tions of the Lower Mesozoic strata in Tasmania to one Another 
are not yet definitely settled. No attempt will he made here, 
therefore, to correlate any of the Tasmanian Lower Mesozoic 
rocks with the other Australian occurrences. One point may be 
noted. There appears to be an absence of Ttrmopterin apafulala 
in the Tasmanian strata, and this may indicate that they are 
older than J urassic. 

Opinions have been expressed regarding the age of Tasmanian 
strata. Chapman* suggests that it may be possible to divide 
the “ Upper Coal-Measures" of Twelvetrees into an older and a 
younger series. He concludes, "The Jurassic flora of the Tas¬ 
manian localities, Jerusalem, Fin gal, Spring Hill, York Plain, 
Hamilton, Richmond, New Farm, Sandfly, Recherche, South 
Cape, Longford, etc., appears to contain an assemblage which, 
with some few exceptions, as Sagenoptens and PkuvnicvymH, is 
practically identical with that of the plant-bearing strata of 
Jurassic age in South Qippsland, Cape Otway, and 'Western 
Victoria ” 

Professor Davidt classes them provisionally “as Upper Trios 
or Passage Beds into the Jurassic proper,’’ whereas W\ 8. Dun} 
regards them as equivalents of the Victorian Jurassic. 

Mr. Twelvetrees points out that the evidence of the fossil 
flora in Tasmania, as far as it goes, is slightly in favour of a 
Rhcetic age. He also considers that some of the Tasmanian 
occurrences are the equivalents of the Clarence and Talbragar 
Series in New South Wales.$ 

Lower Mesozoic fossil plants are known from a number of 
localities in New Zealand, but, in view of tiie fact that an ex¬ 
amination of them has recently been carried out by Dr. E. A. 
Newell Arber (the results not having been published yet||), it is 
deemed inadvisable to discuss them at this stage. 

* Records Ueol, Surv. Victoria, iii. ( Ft,*2, 1912, p.22& 
t British Aasuon. Adv. Science, Ueology of the Commonwealth, p 277. 
t Ibid,, p.297. 

{{Ueol. Surv. Tasmania, Bulletin 20, 1915, pp. 14-16. 

!l Issued in February, 1918, too late for consideration in the present 
paper. 
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(f) Summary . The results of these comparisons of the Queens¬ 
land, Lower Mesnsoic rocks with those of the other Australian 
States, may l>e sumummed in tabular form thus :— 



o 
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Geological History. 

In discussing the conditions which existed during Lower 
Mesozoic times in Queensland, reference must be made to the 
conditions, as far as we know them, towards the close of the preced¬ 
ing Permian (Permo-Carboniferous) Period. The latest sediments 
of this latter period are the Upper Coal-Measures in both New 
South Wales and Queensland. Tn New South Wales, the New¬ 
castle or Upper Coal-Measures were formed in a large basin. In 
an earlier paper,* T have attempted to show, in a general way, 
the distribution of land and sea in New South Wales during the 
various stages of the Permian (Permo-Carboniferous)f Period, 
and have suggested that the successive stages within the period 
might have been produced hy a tangential force acting towards 
the continental mass of Australia in a W. by 8. direction. 

The close of the Paheozoic era in Northern New South Wales 
and Southern Queensland was accompanied by extensive intru¬ 
sions of granitic masses. In the New England and Stanthorpe- 
Warwick districts, these intrusions have resulted in extreme 
folding of the Permian (Permo-Carbomforous) strata, but have 
not affected the sediments of the Walloon epoch. The age of 
the intrusions is definitely between the upper marine sediments 
of the Permian System and the Walloon Series. The Permiau 
(Permo-Carboniferous) sedimentary strata have been extremely 
folded and contorted, and converted into slates resembling, in 
genera) appearance, rocks of greater age than Permian; their 
age, however, has been fixed beyond doubt by the occurrence in 
them of marine fossils in the Drake district, and near Warwick 

* Proc. Linn. Soo. N. 8. Wales, 1918, xxxviii., pp. 139-140. 
f It has recently been suggested by Professor David and Mr. W. S. Dun 
(British Assocn. Adv. 8ci., Australia, 1914: Report, p.379; and Federal 
Handbook on Australia, p.267) that perhaps the term Permo-Carboniferous 
in Australia should be replaced by the term Permian. Without going into 
reasons here, it may be stated that the author is entirely in aooord with 
the suggestion, and, for the purposes of this paper, proposes to write the 
name thus: Permian (Permo-Carboniferous). 

t Andrews, 4 * Report on Drake Gold and Copper Field," Oeol. Surv. 
N. 8. Wales, Mineral Resources, No. 12, 1908. 
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Further north, in the Gympie district, rocks of similar age are 
also folded and metamorphosed to much the same extent as in 
the districts just mentioned. 

A word of caution must he expressed here regarding the so- 
called “Gympie” strata. The results of fieldwork carried out by 
the officers of the Queensland Geological Suivey tend to show 
that many rocks have, in the past, been referred to the Gympie 
Series without sufficient evidence; these are gradually being 
sorted out by the Geological Survey, and put in their proper 
position; and they have been found to include representatives of 
the Carboniferous and Devonian Systems, in addition to true 
Permian (Permo-Carboniferous) strata. Care must be exercised, 
therefore, when dealing with rocks classed as Gympie. 

In the Gympie district, where undoubtedly Permian (Permo- 
Carboniferous) sedimentaries are much altered, there are 
granitic, intrusive masses whose age is not diiectly deteinnn- 
able. It seems a reasonable suggestion that they are of similar 
age to the New England intrusions, and that they have been 
responsible (at least in part) for the folded and altered condition 
of the Gympie rocks. 

Further north and north west in Queensland, the Permian 
(Permo-Carboniferous) rocks [Bowen River coalfield, Dawson- 
Alackenzie coalfield, etc.] appear to be normal, and not to have 
suffered any considerable folding as the result of the intrusion of 
large plutonic masses. 

In the distribution of the Permian (Permo-Carboniferous) 
rooks of New South Wales and Queensland, then, there are to 
be noted the following important points. Sediments of this age 
are known from Southern New South Wales to Northern 
Queensland; normally, these sediments are unaltered, and ap¬ 
parently have not been subject to extreme folding-forces; in the 
central part, however, (from New England to the Gympie dis¬ 
trict) the intrusion of extensive, granitic masses has resulted in 
extreme folding and metamorphism of sediments of this age, 
which, as a result, resemble strata of much greater age than the 
normal Permian (Permo-Carboniferous) strata of Eastern Aus¬ 
tralia. 
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These extensive intrusions probably resulted in the elevation 
of the areas affected, to a much greater altitude than the neigh¬ 
bouring areas. 

The Lower Mesozoic rocks of Eastern Australia appear to have 
been deposited in a series of basins, which were not all developed 
at the one time The sediments deposited in these basinB are, 
with a single exception (supra, p.38), freshwater accumula¬ 
tions, and this fact tends to show that the basins inuBt have had 
some outlet; otherwise, the bodies of water would comparatively 
soon have become salt. Regarding deposits formed in basins in 
this manner, we may note that Sucbs quotes Richthofen’s dis¬ 
tinction between central and peripheral types of drainage as 
illustrated by salt and coal. He says, “ Salt with gypsum cor¬ 
responds to a closed drainage system or central position; coal, 
when found in extensive freshwater basins, corresponds to the 
open outflow, without which no accumulation of water could 
maintain for long its original composition.”* The latter part of 
this statement seems to admit of no contradiction, and it applies 
to the basins in which the sediments of Lower Mesozoic age in 
Eastern Australia were deposited. We shall consider later the 
positions of the outlets for the various basins. 

The earliest basin developed was that in which the Hawkes- 
bury Series of New South Wales was deposited. In the central 
portion of this basin there appears to be stratigraphic conformity 
between the Upper Coal-Measures, and the Narrabeen Stage of 
the Hawkesbury Series. Nearer the margins, however, there is 
unconformity. In addition, there is a very distinct palaeonto¬ 
logical break, only a few forms persisting from the lower to the 
upper. The unconformity between these two Series is one which 
involves a definite interval of time, but not any considerable 
movement. The time-interval must have been sufficiently long 
for the Mesozoic flora of the Narrabeen Stage to have almost 
completely replaced the typical Palaeozoic flora of the Upper 
Coal-Measures 

The basin in whioh the Narrabeen Stage was deposited was 
produoed by a gradual subsidence, which apparently continued 
* 8 mm, "The Pace of the Earth," iii., p.312. 
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throughout a long period during which the Narrabeen and 
Hawkesbury Sandstone Stages were deposited. The area of 
deposition increased gradually during this time, the Hawkesbury 
Sandstone Stage covering a much greater area than the N&rra- 
beeti Stage. During the early stages, volcanic activity appears 
to have been in evidence, as indicated by the development of 
tuffaceous rocks in the Narrabeen Stage. The thickness of the 
sediments deposited in this basin readies a maximum of about 
3,000 feet, made up of a maximum of 2,000 feet of the Ibarra- 
been Stage, and 1,000 feet of the Hawkesbury Sandstone Stage. 

The Hawkesbury Sandstone Stage is apparently conformable 
with the Narrubeen Stage. The existence of breaks, which do 
not show as very marked unconformities, must, however, always 
be borne in mind. Writing on this point, Schuchert remarks,* 

“ The easily seen, marked unconformities.are of course 

accepted at full face*value; but the many more apparently con¬ 
formable and yet broken contacts, the disconfonnities, are gener¬ 
ally overlooked, or when seen are generally undervalued. ... In 
regard to the breaks, the statement can be made that there are at 
least ten disconformities for every known angular unconformity. 11 

These statements may be applied to both the Permian (Permo- 
Carboniferous) and Mesozoic Systems of Australia, within which, 
apparent conformity appears to be general, but where there are 
quite a number of paleontological breaks. 

During the time in which the Narrabeen and Hawkesbury 
Sandstone Stages were deposited, probably the rest of Australia, 
which at that time was of greater extent than to-day, was dry 
land. 

Between the Hawkesbury Sandstone Stage and the Wiana- 
matta Stage there is a distinct break. The Wian&matta beds 
have been deposited on the eroded surface of the Hawkesbury 
Sandstone, which must, therefore, have been elevated, exposed 
to denudation, and again submerged before the succeeding beds 
were laid down. In addition, the extent of the Wianamatta 
beds was much more limited than the Hawkesbury Sandstone. 


Bulletin Oeol. Soo. America, xxvii, 1916, p.497. 
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Our studies of the fossil floras indicate that the Ipswich Series 
in Queensland was laid down at the same time as the Wiana- 
matta Stage in New South Wales. The strata of this Series 
were laid down over a comparatively restricted area in Southern 
Queensland, though it is not possible to obtain an accurate idea 
of its exact extent. Parts of the areas bordering the basin in 
which the Ipswich Series was deposited were probably very 
elevated, e.y. f the Stanthorpe-Warwick, and the Gympie Dis¬ 
tricts, the extent of the elevation having been due to the exten¬ 
sive intrusions of granite at the close of the Palseozoic era. 

It is probable, also, that part of the Lower Mesozoic sedimentH 
of Tasmania was deposited contemporaneously with the Wiana- 
matta Stage in New South Wales, and the Ipswich Series in 
Queensland. 

The Bundamba Series, which follows the Ipswich Series in 
Queensland, has no equivalents, so far as we know, in New South 
Wales, apparently, sedimentation in the main iiawkesbury 
Basin came to a close with the end of the Wianamatta Stage. 
Later sediments in that State were laid down to the north and 
north west. 

In Queensland, the dominant movement from the beginning 
of the Ipswich epoch was a subsidence This movement was not 
continuous; there were, at least, breaks represented by the base 
of the Bundamba Series and of the Walloon Series, and there 
may have been further breaks within the Series. At the time 
of these breaks there was probably a cessation of sedimentation, 
accompanied by a slight uplift before the downward movement 
reasserted itself; the predominance of the downward movement 
is proved by the ever-increasing area covered by the Lower 
Mesozoic sediments until, towards the close of the Walloon 
epoch, the greater part of Queensland was probably covered by 
enormous stretches of fresh water The portions of Queensland 
which were not submerged during the Walloon epoch (Jurassic) 
include the north-western corner of the State, an area in the 
neighbourhood of Hungerford on the New South Wales border, 
and probably areas to the east of the present Main Divide, which 
had been considerably elevated as a result of movements accom- 
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panying the intrusion of extensive granitic masses at the close 
of the Paleozoic era. It is impossible to define these latter 
areas at present, hut they include the Htanthorpe and Gympie 
districts, and probably some of the present coaxial portions of 
Queensland north of Rockhampton. 

The area over which deposition of the Walloon Series took 
place extended into New South Wales and South Australia; and 
its boundary probably agreed fairly closely with the margin of 
the Great Australian Artesian Basin; it is from sandstones in 
the Walloon Series and its equivalents, that the great bulk of 
the artesian water is obtained, so that, although these are not 
known to outcrop along the southern margin of the Artesian 
Basin, their presence is known, and they are apparently over¬ 
lapped by the flower Cretaceous strata. 

It may he remarked here, that it is only comparatively recent 
woik that has shown the sandstones forming the intake in 
Queensland to be of Walloon age. Tn view of this, it is possible 
that outciops on the southern and western margins of the Basin 
may, in the future, he shown to be of the same age, though at 
present mapped as Cretaceous. 

The Clarence Series represents deposition in the south-eastern 
portion of the same basin. The Talbragar beds seem to repre¬ 
sent deponition in a small, isolated lake. 

Tn South Australia, the small, faulted basin at Leigh’s Creek 
probably represents an outlier of the main occurrence further 
north. 

Contemporaneously with the Walloon Series also, there were 
deposited the Jurassic sandstones, etc., of South Oippsland, Cape 
Otway, and the Wannon River areas in Victoria, and possibly 
also portion of the Lower Mesozoic strata of Tasmania. At the 
same time, marine sediments were laid down in Western Aus¬ 
tralia, and, associated with these, there are a few plant-remains. 

The close of the Jurassic in Australia was not marked by any 
violent movement. In Queensland, New South Wales, and 
South Australia, the Jurassic rocks are followed by Cretaceous 
marine strata (Rolling Downs Series) without any observable 
unconformity. Paleontologically, however, there is a very 
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marked break, and there is also generally a lithological distinc¬ 
tion. The Cretaceous sea represents a transgression from the 
north, and covered the greater portion of the Jurassic strata 
over what is now the Great Artesian Basin, and, as shown in 
Text-fig.6, this transgression probably divided the Australian 
continent in two. The present Main Divide in Queensland was 
probably elevated, and became a land area practically throughout 
its whole length in Cretaceous time, and has remained essentially 
so to the present day. On the west, the Cretaceous sea covered 
the area of the Artesian Basin as already mentioned, while, on 
the east, there are Cretaceous marine deposits between Mary¬ 
borough and Bundaberg reaching a thickness of 1,000 feet. It 
is impossible to determine the exact extent of these to the east. 
The marine Cretaceous, both in western Queensland and in the 
Maryborough district, are followed by Cretaceous freshwater 
deposits known as the Winton Series and Burrum Series, 
respectively. 

Lower Mkbozoic Palaogeography of trk Aubthalabian 

Region. 

Published maps indicating the geography of the Australasian 
region during Mesozoic times are few in number. 

Perhaps the oldest is that of Neumayr, which has been con¬ 
tinually quoted and figured by later writers, including Jensen* 
and Hedley.f The latter} also prepared a map to show the 
Queensland coast at the close of the Mesozoic era. Jenscng has 
published a series of maps showing the distribution of land and 
sea in the Australian region at various periods, including one in 
Triassic time. Recently, Schuchert|| has published a series of 
palnogeographic maps of Oceania, including one in Triassic time, 
and one in Cretaceous. 

The important general feature of these maps is that they show 

# Proo. Linn. Soo. N. 8. Wales, 1908, xxxiii., p.507. 
t Report Aust. Abhoo. Adv. Science, xii., 1909, p.332. 
t Op . «*., p.338. 

§ Proo. Roy. Hoc. Queensland, xxiii., Pt.2, 1912. 

II Amer. Journ. Soienoe, xlii., 1916, p.99. 
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a coast-line not a great distance east of the present position of 
the eastern coast of Australia. This coast-line is the western 
shore of a long gulf running from the south in a general meri¬ 
dional direction between Australia and Mew Zealand. Neumayr 
called this the Gulf of Queensland. Schuohert’s map shows the 
extension of this gulf further north to about the latitude of Mew 
Caledonia, when it turns to the east and again joins the ocean. 

Evidence as to the existence, or otherwise, of this gulf is scanty. 
Hedley* says, “According to Neumayr, a meridional crease in 
the earth’s crust produced, in Jurassic times, a gulf, which he 
called the Gulf of Queensland, whose western shore transgressed 
the present east Australian coast.” The most important piece 
of evidence indicating the existence of this gulf is the presence 
of an impoverished fauna of Foraminifera and Ostracoda in the 
upper beds of the Wianamatta Stage in Mew South Wales (supra, 
p.38). This is positive evidence of marine or estuarine condi¬ 
tions in the Wianamatta Basin (probably during late Triassic 
time). There is no evidence at all to show that this gulf trans¬ 
gressed the present east coast of Australia during Jurassic time; 
it is certain that there are no evidences of Jurassic marine 
deposits in Eastern Australia. 

The gulf was probably more or Iobb coincident with the present 
position of the Thomson Trough; but whether the Thomson 
Trough is as old as Lower Mesozoic, is difficult to determine. 

The paleeogeography of the Australasian region involves a 
consideration of the structure of the south-western Pacific region. 
Structural studies of this region have been made by a number of 
geologists, including Dana, Suess, Gregory, Marshall, aud 
Schuchert. 

Marshall has pointed out that some of the earlier studies were 
based mainly on the geographic distribution of the island-chains, 
without much knowledge of structure. He has very rightly con¬ 
tended that conclusions drawn from such distribution may be 
quite erroneous. 

Marshall has argued that “ the real boundary of the south¬ 
west Pacific passes through Mew Zealand, Kermadec, Tonga, 
* Report Aust. Assoc. Adv. Science, xii., p.331. 
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Fiji, New Hebrides, Solomon, and on to tbe Admiralty Islands.”* 
This line would then bo the eastern l>oundary of the continental 
mass of which Australia, New Caledonia, New Zealand, etc., are 
remnants. Within this continental region there are a number 
of great deeps, e,y., the two Solomon Island deeps (the northern 
one named the Planet Deep, the other unnamed/arid ait unnamed 
deep between the New Hebrides and New Caledonia. A discus¬ 
sion, which the author had recently with Rev Father Pigot, of 
River view College, produced some facts which seem diiectly to 
concern the question of these deeps. The seismometers at the 
ltiverview College observatory have, within the past few years, 
recorded a number of earthquake-shocks, and Father Pigot has 
calculated the positions of origin of these shocks. He kindly 
informed me that quite a large percentage of the shocks recorded 
had their origin along a line from Kermadec, through the deep 
between the New Hebrides and New Caledonia, the Planet Deep, 
and the Swire Deep (east of the Phillipines). The prevalence of 
earthquake shocks emanating from this line of deeps is probably 
connected with faulting movements, and it may reasonably be 
argued that these movements are probably a continuation of 
those which produced the deeps, and, therefore, that these deeps 
aro of very recent origin. If this is so, we have, in these earth¬ 
quake-records, evidence which supports Marshall’s contention as 
to the true margin of the south-west Pacific. Marshall’s con¬ 
clusions in this respect seem reasonable; and Text-fig.2 (p,106) 
indicates tbe probable limits of the continental mass about the 
beginning of Mesozoic time; this map has been drawn-up mainly 
from the works of Marshal] and Sehuchert, already quoted. 

This continental mass was connected with Asia about the 
beginning of Mesozoic time, and it may have been continuous 
with Gondwanaland. Tbe breaking down of Gondwanaland 
commenced in early Mesozoic time, and the permanent enlarge¬ 
ment of the Pacific basin probably commenced about the same 
time. There are marine Triassic rocks both in New Caledonia 
and New Zealand-evidences of epicontinental seas—but there 
is no marine deposit of Triassic age known on the present Aus- 

* Report Aust. Amoo. Adv. Soienoe, xiii., 1911, p.99. 
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tralian Continent. The distribution of land and sea dining 
Triassit* time in this region appears to me to l>e as indicated in 



Text-fig. 2. 

Map showing the approximate limits of the ContinentabMass, of which 
Australia., New Zealand, New Caledonia, are remnants. 
Text-fig.3(p.l07)< Speaking of the Triassie marine deposits of New 
Caledonia and New Zealand, Marshall 4 expressed the opinion, 

* <>oulugy of New Zealand, 1912, p, 185. 
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that it can nut be definitely decided whether they represent 
coastal deposits on an eastern or western coast. Tf the boundary 
of tlie true Pacific basin on the south-west be the line stated, it 
seems more probable that they represent debits along the 
eastern coast of a continent. 

The evidence for the existence of the gulf, which Neumayr 
called the Gulf of Queensland, is not very definite. 

The continued deposition of freshwater sediments in the 
llawkesbury basin, indicates a continuance of freshwater condi¬ 
tions in this basin over a long period, and there must have been 
some outlet, as noted above (w»s p.98). As far as we know, there 
is no possibility of an outlet to the north, south, or west, and, in 
view of the presence of a foraminiferal and ostracodan fauna in 
the upper portion of the Wianamatta Stage, it seems probable 
that the outlet connected with an arm of the sea, such as the 
Gulf of Queensland. The exact extent of the gulf is purely 
conjectural. 

During the time when the Wianamatta Stage in New South 
Wales, and the Ipswich Series in Queensland were being de¬ 
posited, tfte Gulf of Queensland prol>ably had its maximum ex¬ 
tension in a northerly direction. At this time, there were two 
small basins in which the Wianamatta Beds and the Ipswich 
Series respectively were deposited. Both these basins may have 
had outlet to the Gulf of Queensland. Text-fig.4 (p. 109) 
indicates a probable distribution of land and water at this 
time. 

In Jurassic time, there is no clear evidence to show the exist¬ 
ence of the Gulf of Queensland. There are marine Jurassic 
rocks in New Caledonia. In New Zealand, in the south of the 
South Island, there are freshwater and marine strata of Jurassic 
age associated with one another, indicating probably oscillation 
of marine and fluviatile deposition in a coastal region. In the 
North Island, in the Kawhia-Waikato district, there are marine 
Jurassic rocks, and there are also records of fossil plants (Jurassic) 
from the same district. This, again, indicates a probable coastal 
region. 
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Text-fig. 3. 

Map showing the distribution of land and water iq the Australasian 
Region in early and middle Trlassio time. (Solid black represents 
the present known extent of strata). 
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The Jurassic rocks of Victoria and Tasmania arc freshwater 
deposits, and probably extended some distance east of the present 
coast. The Jurassic strata of New South Wales and Queensland 
extend right to the extreme north of the latter State, and there 
are marine Jurassic strata in New Guinea (Strickland Kiver). 
This seems to indicate that these Jurassic rocks were laid down 
in a large basin, which had some outlet to the north. Another 
point which strengthens this, and is against the existence of the 
Gulf of Queensland during the Jurassic period, is the enormous 
amount of sediment represented by the continuous Jurassic strata 
of New South Wales and Queensland. These beds must average 
some thousands of feet in thickness over an urea of some hundreds 
of thousand square miles, and must represent denudation of a 
large area. That the drainage to this basin was limited on the 
north, west, und south, is easily shown, for, in these directions, 
we know the regions of synchronous deposition, and the divides 
separating these from the Walloon basin do not allow of a veiy 
extensive area from which the sediments may have been derived. 
There is left, then, only extension to the south-east and east to 
any very large extent, and, if this was the case, there seems little 
possibility of the existence of the Gulf of Queensland. 

These considerations have governed the drawing up of Text. 
fig.5 (p.Ill) showing the distribution of land and sea during 
Ju lassie time. 

The Thomson Trough, which lies to the east of Australia, may 
have been of comparatively recent origin. The east coast of 
Australia has been subject to folding since Lower Cretaceous, 
and to considerable faulting during Cainoiaoic; aud it does not 
seem improbable that the Thomson Trough is a result of these 
movements. Sohuchert* concludes his study of continental 
fracturing and diastrophism in Oceania thus: “To sum up, we 
may say that the bottom of the Pacific Ocean in the region of 
greater Australasia seemingly became more and more mobile 
with the Lower Carboniferous and especially during the Jurassic 
and Cretaceous. During this very long time, the eastern half of 

* Amer. Journ. of Soienoe, xlii., 1016, p.104. 
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Text-fig. 4. 

Map showing the distribution of land and water in the Australasian 
Region during Upper Triassio time (HKeuper or' Rhetic). (Solid 
black represents the present known extent of strata). 
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the Australian Continent, a land about 1,800 miles east and 
» west and 2,200 miles north and south, was folded into a series 
of parallel ridges trending north-west and south-east, nearly all 
of which went down more and more beneath the level of the sea 
to a maximum depth of about four miles and an average depth 
of between one and two and a half miles. Small parts of the 
ridges still protrude above the ocean (at least New Caledonia), 
but most of what we see are the volcanoes that have built them¬ 
selves up above the folded rocks to the level of the sea.” 

This statement gives a gene ml outline of the geological history 
of this region, but the stress laid on the Jurassic as a period of 
folding does not appear to be justified. As far as our present 
knowledge goes, the periods during which folding-forces Imve 
been effective since the Carboniferous are Permian (Permo-Car¬ 
boniferous), late Cretaceous, and possibly late Cainozoic. The 
Permian strata of New South Wales indicate folding with axes 
approximately N. by W.; the Triassie, Jurassic, and Lower Cre¬ 
taceous all show a general stratigraphical conformity, and have 
all been affected to the same extent by a folding w hich was later 
than Lower Cretaceous and earlier than Cainozoic, the direction 
of the axes of folding being about N.30“W.; the Cainozoic rocks 
in the Ipswich District have been subject to a minor folding- 
movement with approximately meridional axes. 

It is also noted that, in New Caledonia, Triassie, Jurassic, and 
Creiaceous strata are apparently conformable, and have all been 
subject to subsequent overthrusting from the north-east. This 
strengthens the conclusion that the more important folding did 
not take place till after the deposition of the Cretaceous. 

It appears, then, that there were transgressions in Triassie 
time (1) from the east, extending as far west as New Caledonia* 
and (2) from the south, forming the Qulf of Queensland. During 
Jurassic, the eastern coast remained in much the same position, 
the Oulf of Queensland disappeared or was very much reduced, 
and the sea transgressed in Western Australia parallel to the 
present western coast, and also in New Quinea to the Strickland 
River district; during this time, also, the extent of the basins, 
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in which freshwater deposits were laid down, increased enor¬ 
mously. The early Cretaceous period saw very great changes in 
distribution of land and water. The sea transgressed from the 
north in the region of the Gulf of Carpentaria, at least as far as 
Lake Eyre; Australia appears to have been divided into two 
parts, either by the extension of this transgression to the south¬ 
west, or by meeting another from the south-west. These suc¬ 
cessive changes are shown on Text-figs. 3-G. 

p Summary. 

The Lower Mesozoic rocks of Queensland comprise three divi¬ 
sions, namely, the Ipswich, Bundamba, and Walloon Series. The 
Ipswich and Bundamba Series are of comparatively limited dis¬ 
tribution, and are confined to the south-eastern portion of the 
State. The Walloon Series has a much greater extent; in addi¬ 
tion to occurring in South-eastern Queensland, in association with 
the Ipswich and Bundamba Series, it outcrops in a belt along 
the western slope of the Main Divide from the New South Wales 
border to Cape York, dipping westerly beneath the marine Cre¬ 
taceous. It probably underlies the Cretaceous strata over the 
greater part of Western Queensland. In Eastern Queensland, 
there are a number of small, isolated occurrences of the Walloon 
Series, as indicated on Plate i. The thicknesses of the three series 
are approximately as follows: Ipswich Series, 2,000-2,500 feet; 
Bundamba Series, 3,000-5,000 feet; and Walloon Series* up to 
10,000 feet. 

From an economic point of view, the Lower Mesozoic rocks 
are of special importance in three respects, namely, (1) the greater 
part of the coal produced in Queensland is from the coal-measures 
of the Ipswieh and Walloon Series, chiefly the former; (21, the 
large supplies of artesian water are obtained from sandstones 
which are the equivalents of the Walloon Series in Western 
Queensland; (3) practically all the Queensland sandstone used 
for building purposes is of Lower Mesozoic age. 

In South-eastern Queensland, the Lower Mesozoic rooks (and 
also the Cretaceous strata) have been folded into a series of anti- 
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Text-fig. tt. 

Map showing the distribution of land and water in the Australasian Region 
in Lower Cretaceous time. (Solid black represents the present known 
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dines and synclines, whose axes are in a general N,30 e W.-S.30*E. 
direction. This folding is sometimes severe, the strata having 
been fractured, the folding giving plac%to distinct faulting. The 
age of this folding and faulting is Post-Lower Cretaceous and 
Fre-Cainozoic; none of the Cainozoic rocks in south-eastern 
Queensland have been affected by it. 

In the Ipswich district, Mr Cameron has observed a sub¬ 
sequent folding-movement with approximately meridional axes; 
this latter folding has affected the Cainozoic sedimentary and 
volcanic rocks, as well as the Lower Mesozoic rocks. 

In Western Queensland, the Mesozoic rocks have not been 
subject to folding-movements. 

The Bundamba Series is practically devoid of fossils, but both 
the Ipswich and’Walloon Series contain abundant plant-remains; 
there are also numerous fossil insects in the Ipswich Series. 
Examination of the fossil floras indicates clearly that the Ipswich 
Series must be regarded as Triassic in age, and the Walloon 
Series as Jurassic. The exact position of the Ipswich Series in 
the Triassic cannot be definitely fixed at present, but it seems 
certain that it is Upper Triassic, possibly Rhaetic, but probably 
older. The flora of the Walloon Series corresponds, to almost 
equal extents, with Liassic and Lower Oolitic floras. This Series 
probably corresponds to a period covering these two epochs, and 
when the Walloon Series is known in greater detail, it may be 
possible to subdivide it accurately. 

The exact position of the Bundamba Series in tbe Geological 
Record cannot be fixed, but it is suggested that it is more closely 
associated with the Ipswich Series than with the Walloon Series, 
and, therefore, it is tentatively placed in the Triassic. 

A comparison of the Queensland Lower Mesozoic strata with 
other occurrences in Australia of similar age seems to show, (1) 
that the Narrabeen and Hawkesbury Sandstone Stages in New 
South Wales are older than the Ipswich Series; (2) that the 
Wianamatta Stage of the Hawkesbury Series in New South 
Wales, and also possibly part of the Lower Mesozoic strata of 
Tasmania are of the same age as the Ipswich Series; and (3) that 
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the following series in the other States are of the same age as 
the Walloon Series: the Artesian Series, Clarence Series, and 
Talbragar Beds in New South Wales; the Jurassic strata of the 
South Gippsland, Cape Otway, and Wannon areas of Victoria; 
the Leigh’s Creek beds in South Australia; part of the Lower 
Mesozoic strata of Tasmania; and the marine J urassic series in 
Western Australia. 

An account has been given of the probable geological history 
of Eastern Australia between the close of the Paleozoic era and 
the beginning of the Cretaceous period, and it is evident that the 
Lower Mesozoic rocks are, with a single exception, of freshwater 
origin. Their exact mode of origin is not definitely settled; it 
has been shown that the basins in which they were deposited 
must have had some outlet; deposition may then have been in 
inland lake-basins with a river-outlet, or the deposits may repre¬ 
sent accumulations under lluviatile conditions. 

The geological history of the area is illustrated by a series of 
palieogeographic maps of Australia and the South-western Pacific 
region, representing the probable distribution of land and water 
at different stages in Lower Mesozoic time. 


EXPLANATION OF PLATES I.-II. 

Plate i. 

Map of Queensland showing the distribution of Lower Mesozoic rooks. 

Plate iL 

-Geologioal Sketoh-Map of South-eastern Queensland showing the 
occupied by the Lower Mesozoic rooks. 
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STUDIES IN AUSTRALIAN NEUROPTERA. 

No. 5, The Structure of the Cubitus in the Wings of the 
Myrmklbontidm. 

By II. J. Till yard, M.A., D.Sc., F.L.S., P.E.S., Linnean 
Macleay Fellow of the Society tn Zoology. 

(With three Text-figures). 

In No.l of this series of Studies, 4 I worked out the wing- 
venation of Myrmeleon uniseriatus Oerst., from the pupal wing- 
tracheation, and showed how, in the forewing, the apparently 
simple vein M was in reality a. forked vein, the vein usually con¬ 
sidered to be Cuj being in reality the cubito-median, Cuj + M* and 
the point of incidence of M s on to the line of Cu t being marked 
by the foot of the oblique vein O. The branch descending from 
the point of bifurcation, which I called the cubital fork («4 f), 
was, naturally enough, taken to be Cu a . It was on the lack of 
specialisation of this branch, that I based my argument for the 
recognition of the tribe Protopleetrini , of which the correct name 
should be Creagrini, as previously given by Navas. 

In No.4 of this same series of Studies,t when describing the 
wing-venation of the Hemerobiid&t I showed how, in the fore- 
wings of Drepaneptvryx and Drepanacra , an archaic Cu 9 was 
present close to the base, and that, in addition to this, Cu t was 
strongly branched at a sharp angle, much further distad, into 
two veins which I called Cu u and Cu, b In the allied genua 
Drepmwmina, the archaic Cu 8 is lost, and replaced by a furrow. 
In the majority of the smaller Hemerobiidcp , even the furrow has 
disappeared. Thus, in the most highly specialised forms of the 
family Hemerobiida, all traces of the original Cu, are lost, and 

~~ * These Proceedings, l»i£ xL,Pt.4, pp. 734-701, PI lvilfT ~~ 

f Op. c»7„ 1910, xli., Pt.2, pp.269*332, Pis. xii.-xix. 
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there is left only the distal secondary forking of Cuj into Cu u and 
Cui,„ the point of bifurcation being properly termed the secondary 
cubital fork (cnf')* 

Now the resemblance between the condition of the cubitus in 
the fore wings of these smaller specialised Ifmcrobiida , and in 
the forewings of the MyrntdeonticUv, is too striking to be ignored. 
It suggested to me at once that the veins which I had named 
Cu, and Cu a in the MyrmHeontidat were in reality only Cu u and 
Cu ltl respectively, and that, if the true Cu still existed, it must 
be sought for near the extreme base of the wing. I therefore 
examined a considerable number of Myrmdcontida*) and found 
that, in many cases, there could be detected, close to the base of 
the wing, a semi-opaque connecting-vein, not unlike an oblique 
vein, (though not so well defined) running across from Cu, to 1 A. 
This appeared to me to be the remains of Cu t . With a view to 
proving this point, I decided to examine the pupal trucheation 
of some of the older Myrmdeontidn, belonging to the subfamily 
PeridrofeofUiTue, in the imagines of which thiN supposed remnant 
of Cu # appeared to be much more evident than in the genus 
Myrmdfton itself. 

Most of the larva? of the Dendvoleontiiur. do not make pit-falls, 
but must be sought for either in loose sand, or in rubble or debris 
collected at the bases of large trees. During the winter of 1916, 
larvae of several genera of this type were collected around Sydney. 
A number of these spun up in the following September. At the 
end of & fortnight, three likely-looking cocoons were opened, but 
were found still to contain larvae. They were then placed under 
close observation until pupation took place. The first pupa ex* 
axnined proved to be very recently formed; so that, although a 
good dissection of the forewing was obtained, the structure was 
so exceedingly delicate that all the air passed out of the tracheae 
before either a photomicrograph or a camera-lucida drawing could 
be obtained. With the seoond dissection, I decided to take no 
risks, but removed it at once to the microscope-stage, and made 
a camera-lucida drawing of it. Both the pupal tracheation and 
the imaginal venation showed up very clearly, and tbti result was 
9 
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a complete success, which is here reproduced in Text-fig. 1. As 
the venation was complete, and even the delicate pigmentation of 
the imaginal wing could be noted, I was easily able to determine 
this wing as belonging to the rather rare insect Xantholeon 
helmd Tillyard,—a result as fortunate as it was unexpected, since 
XanikoUtm is certainly one of the most archaic of our Australian 
Myrmeleantidec . 

The result of this examination can be gathered by comparing 
Text-figs. 1 and 2. It will be seen that it not only bears out in 
full my suspicions concerning the real position of Cu a , but shows 
also a further unexpected point of interest. For the trachea 
Cu s is not a weak remnant descending to 1 A, as the examination 
of the imaginal venation had led me to suspect, but is a strong 
trachea which has captured the line of 1 A, in the same manner 
that M) has captured the line of Cu u . Tn both cases, it is the 
upper trachea that prevails, the lower that goes under. In both 
cases, the crossing of the upper trachea on to the level of the 
lower is marked, in the imaginal venation, by an oblique vein, 
which represents, of course, the actual basal piece of the upper 
vein in question. We must therefore distinguish in future 
between the median oblique vein (Om) and the cubital oblique 
vein (Oc). This latter is very clearly marked in Xantholeon 
(Text-fig.2), also in Glenoteon, Acanthaclicis , and other genera; 
but it cannot be satisfactorily made out in our Australian species 
of the genua Myrmdeon, which are more highly specialised. 

The process by which Mg and Cu B have attained their present 
positions may be described as a process of “trachea-capture." 
The two trochee run at first more or less parallel. As the wing 
becomes narrower, they come to lie side by side. The oxygen- 
supply conveyed by both is now no longer fully needed; so that, 
in course of time, the weaker (in this case the lower) trachea 
becomes aborted, being reduced to a remnant impinging upon 
the strong upper trachea from below. In the resulting imaginal 
wing-venation, however, where the determining factor is not 
oxygen-supply, but the wing-stresses brought about during for¬ 
ward flight, the vein formed along the course of the tourer trachea 
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continues the line of the stronger upper trachea beyond the point 
where the partially aborted lower trachea ceases to exist, and 
must, therefore, be regarded as a composite vein, whose double 
origin is now only indicated by the oblique vein placed above it. 
Thus, in the case under consideration, we have two composite 
veins formed, vis., the cuhito-median, Cu u +M w (whose structure 
I worked out in No.l of this series of Studies), and the cnbito-anal , 

1A + Cu* whose existence 
has not been before sus¬ 
pected. The oblique vein 
indicating the presence of 
the former is Om, that in¬ 
dicating the presence of 
the latter is Oc. The com¬ 
plete, correct, amended 
notation for the forewing 
of Xanlholeon hefomi Till- 
yard, is given in Text-fig. 
2. In Text-fig. 3, I offer 
a phylogenetic series of 
stages to show the evolu¬ 
tion of the Myrmeleontid 
type from the original archaic formation of these veins, as still 
preserved for us in the archaic Hemerobiideti Drepaiwpteryx , and 
Drepcmacn ». 

* Phylogenetic series illustrating the evolution of the oubitus in the 
wings of Hcmerobiido! and Myrmdtontida, —ISeries a, b % c, three stages 
leading to the reduoed Hemerobiid type, also to the type found in fond- 
winy* of Nymphvfa and Myrmeleontidm, With a, oompare forewing of 
Drtpanejrtei'yx; with b, oompare hindwing of DrepantpUryx; with c, oom¬ 
pare wings of Drtpanomina* The final stage, in whioh the furrow / is 
completely eliminated, is not shown in this figure.—Series a, b, d, three 
stages leading to the formation of the oubito-anal vein in the foreuriny of 
the Myrmeleontida, by fusion of the veins 1A and Cu t . In d, the basal 
part of Cut is indicated by the cubital oblique vein Oc. 

Lettering as on p.H8, and, in addition, fc, the point destined to become 
c*f \ and *, the sector of Ou, destined to beoome Ouib. 
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In Text-fig. 2, c, I have figured the base of the hind wing of 
Xwntholwm helmet Tillyard, in order to contrast the nimplified 
condition of this wing with the complicated condition of the fore- 
wing discussed above. Since the Afyrmeleontida* are admittedly 
derived from Nymphid-like ancestors; and since, in the Nymphiito 
themselves, both the media and the cubitus of the hind wing are 
already simple, unbranched veins, it must follow that this con. 
dition is to be found in their derivatives, the Myrimkontidn. It 
should, however, be noted that there are signs of specialisation 
even in the hindwing, in that the vein 1A approaches bas&lly 
very close to Cu, very nearly fusing with it; while Sc and 11 are 
completely fused together throughout the basal portion of the 
wing. 

We have now to consider whether our new discoveries on the 
structure of the cubitus require us to make any revision in the 
present classification of the MyrmHeontidtr* Esben-Petersen, in 
Part iii. of his “Australian Neuroptera,”* has named the area 
between Cu u +M„ Cu lb , and the hindm&rgin of the wing, the 
intercubital area , and has pointed out that a Banksian Line is 
sometimes developed in this space; such a line, he calls the inter - 
cubital line . With this I am in agreement. Now the develop¬ 
ment of an intercubital line is evidence of high specialisation in 
this area. Therefore, those genera in which it occurs, if they 
have hitherto been regarded as primitive, must have their posi¬ 
tion reconsidered. Tn the tribe Creagrini !, this intercubital line 
is beautifully developed, and is correlated with a condition of 
parallelism between Cu„ + M a and Cui b . It was natural, so long 
as this latter vein was taken to be Cu fl , that this condition of 
parallelism should be considered primitive. But the archaic 
condition existing for Ouj b is not one of parallelism to Ou u + M tl 
but rather, as may bo seen in Xantholc<m> one of strong diver, 
gence from it, 0u lb running obliquely to the margin, and parallel 
to the numerous branches descending from Cu ]a + M t . Xantko- 
fam, Gymnocnetnioj Perictyetne, and other genera show this 

• These Proceedings, 1917, 1, pp,203-219, Pl.xTxv. (PUt'/fig. 

1, Protoplecirtm ttriaUllum fob*-Pet.). 
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primitive condition well. From this primitive state, two lines of 
development may follow:— 

(1) Cu, b may become fixed in its divergent position, and the 
intercubital line may be developed in the usual manner between 
the descending branches of Cu lK + M 2 . Various stages in tins 
process may be studied within the genus (Hmohon y while the com¬ 
plete formation may be seen in Amnthadisis and Myrmdwn. 

(2) 0u Jb may become straightened out parallel toCu^ + M*, the 
intercubital line becoming developed between them, and parallel 
to both. The beginning of this line of evolution is evident in 
the forewing of Protophetron striaiellnm Esb.-Pet., which is, 
therefore, fairly primitive. In P. vmnstum Gerst., the forma¬ 
tion is practically completed; while in Creagris plnmbens 01., 
(Paleearctic) the development of the three parallel veins, with all 
connecting structures reduced to simple series of cross-veins, 
reaches the highest possible stage of evolution along this line. 

It would appear, therefore, that my estimate of the tribe 
Greagrini , as the most primitive of the Dendroleontinc p, is not 
correct. They form, rather, a separate side-line of development 
away from the main stem, culminating in a very highly specialised 
genus, vis., Creagris. It should be noted, in this connection, 
that the larva of Creagris is the only one amongst the Dendro- 
leontinai that is known to make pit-falls. It will now be of 
special interest to find out whether the larva? of Protoplectron do 
likewise. 
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ON THE AFFINITIES OF TWO INTERESTING FOSSIL 
INSECTS FROM THE UPPER CARBONIFEROUS 
OF COMMENTRY, FRANCE. 

Bv R J. Tilly a hd, M.A., D.Sc., F.L.S., F.E8., Linnkan 
Macleay Fellow of the Society in Zoology. 

(With three Text-figures). 

In May, 1917, Mr. Herbert Bolton, M.Sc., F.R. 8 .E., F.G.S., 
Director of the Bristol Museum, England, published an interest¬ 
ing paper upon the “Mark Stirrup” Collection of Fossil Insects 
from the Coal-Measures of Commentry (Allier), Central France.* 
As is well known, these insect-beds are of Upper Carboniferous 
Age, and have yielded a very large number of fossils, most of 
which have been described by Brongniart and Meunier. The 
chief characteristics of the assemblage may be shortly summed 
up in the statement that they appear to have been at a stage 
when the separate Orders known to us to-day were only beginning 
to be foreshadowed, nearly all the specimens found being of large 
size, with dense wing venation, and primitive structure of head, 
thorax, and abdomen. The dominant group was the Blattoidea. 
No undoubted Holometabolous Insects are known to exist from 
these beds, nor were any such known from any Palaeozoic rocks, 
until *the discovery of PermochorUta , a genus of undoubted 
Meooptera, in the Permian Coal-Measures of Newcastle, N.S.W.f 

Eight species are represented in the “Mark Stirrup” Collec¬ 
tion. Five of these are Blattoids, and one is a Paleaodictyopteron. 
The other two are of very great interest, and their affinities are 
certainly problematical enough to require very careful investiga¬ 
tion before they can be settled with anything approachiug finality, 

* Mem. Proo. Manchester Lit. Phil. 800 ., 1916-17, V 0 L 6 I, Pi.1, No.2, 
pp.l"92, Pis. i.-v., [May, 1917]. 

+ These Proceedings, 1917. 
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I refer to AfegagnatJia odonatiftmni# Bolton, and Sycoptmm 
symmetrica Bolton. Bolton places the former in the family 
PerlicUr (by which the author evidently means the Order Perlaria, 
and not the family P^rlicUt* s.str.); though, in a note added to 
this determination, he states that Dr. A . D. Imms suggests that 
the specimen “may possibly come nearer to the Sudidte” by 
which, I take it, he means the Order Megaloptera, rather than 
the actual family tiialidtr, s.str. As for Sycopteron, this is 
assigned to the “family Paiwrpid<e” for which, again, we are 
evidently intended to read the “Order Mecoptera,” since the 
author compares it with Orthophlebia of the Lias. If this placing 
be correct, then we have a Holometabolous insect present in the 
Upper Carboniferous —an occurrence which is, of course, not im¬ 
possible, but is certainly improbable, in view of our present 
knowledge of the Phylogeny of the Insecta. 

I have, of course, no opportunity of examining the specimens 
themselves; but Mr. Bolton has given us such excellent photo¬ 
graphic reproductions and drawings of the fossils in bis paper, 
that one would certainly scarcely desire anything better. As 
the determination of the affinities of these two fossils is a matter 
of prime importance to students of Insect Phylogeny, and as I 
have already informed Mr. Bolton by letter of the views that I 
shall here express, I propose now to state my reasons why these 
two insects cannot be accepted as belonging to the Orders to 
which Mr. Bolton would assign them, and to indicate also to 
what known Orders they may, with more probability, be con¬ 
sidered to belong. 

a 

Mrqaonatha odonatiformis Bolton. (Text-fig. 1). 

Bolton, op. cil., pp.2-6, Pl.i., figs. 1-4. 

From the photograph given by Bolton in PI. i, fig.l, and from 
the drawing in Fig.3, it ia evident, as Bolton himself admits, 
that any reconstruction of the wing-venatioif of this fossil must 
be largely a nutter of conjecture. We should, therefore, attempt 
to find other characters that may lead to a solution. The figures 
show that:— 

(1) The wingB were either absolutely, or approximately, equal 
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in size, and of similar shape; probably, therefore, the venations 
of fore* and hindwings were the same. 

(2) The insect had a small, elongated head and prothorax. 

(3) The head carried u pair of straight, slender, and fairly long 
antenna?, and also a pair of shorter, but very prominent, some¬ 
what curved, slender appendages, which Bolton considers, with 
some doubt, to have been the mandibles. 

(4) The three pairs of legs were well developed, and placed 
far apart from one another. 

(5) The abdomen was also moderately short, and probably 
carried two veiy short cerci. 

In the Perlaria, the head and prothorax are neither narrow 
nor elongated, but are always more or less flattened down dorso- 
veiitrally, more or less widened; and the prothorax is never far 
removed from the pterothorax. The antenna? are very long, and 
the cerci also, in all the most archaic forms; genera in which the 
cerci are shortened are demonstrably descended from forms which 
had longer cerci. Further, fore- and hindwing arc never equal 
in size, or of similar shape; and forms in which there is an &p- 
-proxiraation to equality are demonstrably derived from forms in 
which there has been greater inequality. Nor are the venations 
of fore- and hindwing ever the same, but differ fundamentally, 
as a study of the nymphal tracheation of the two wings clearly 
proves. Finally, the Perlaria have mostly reduced, weak, non¬ 
projecting mandibles; and it is demonstrable that these organs 
1 were never, within the limits of this Order, slender and project¬ 
ing, an Been in Megaynatha. 

Even if it were to be admitted that the restored venation in 
Bolton’s Fig. 4 were oorrect, T fail to see in it any true Perlariau 
characters. It much more resembles the venation of an archaic 
Termite forewing, such as MasMemma* 

I conclude, therefore, that no affinity between Mwjoynatha and 
the Order Perlaria can be shown to exist. 

The only possible claim to affinity with the Order Megaloptera 
rests upon the projecting mandibles, since these structures also 
project strongly in the archaic VmydcUua aud allies. But the 
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mandibles of these latter insects are much more strongly built, 
and are attached to a broad and massive head that is as unlike 
that of Megagtutiha as it welt could be. We may well ask, are 
these “mandibular-like structures” mandibles? Is it not much 
more likely that they are the maxillary palpi, whose joints, like 
those of the antenna*, have become obscured in the fossil? They 
are too slender to have been of any use for biting; and sucking 
mandibles, such as we find in the Ant-lion, do not occur, as far 
as we know, in any itnaginal form whatever; nor are even such 
sucking mandibles ever bo slender as in this fossil. 



Text-fig. 1. 

Mtyaguathn odcnai{formw Bolton; ( x 42). Upper Carboniferous of Com- 
mentry. From Bolton’H PI. 1., fig.2. The short eerous on the left 
side of the figure is not shown'in Bolton’s figure, but is visible in his 
fig.1 (photograph). 

T sun, therefore, forced again to conclude that no real affinity 
can tpe demonstrated between this fossil and the Megaloptera. 
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What, then, are the most likely affinities of this peculiar fossil? 
T should answer that it shows a very remarkable resemblance to 
the very ancient and mysterious Order Embioptera, about which, 
unfortunately, we know very little. Tn Texfc-fig.l, 1 reproduce 
Bolton’s figure of Afeyaytuitha, and place opposite to it, in 
Text-fig.2, a drawing of an Embid (Oligotomn sp., undetermined) 
which 1 happen to have in my collection. It must be at once 
admitted that the resemblance is a very striking one. The form 
of the head, prothorax, and legs, the great separation of the 
latter, and the equality of the wings, are characters that separate 
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Textflg.2. 

OHgotomn sp„(undetermined) in Coll Tillyard; (x 7i). Recent 
Brisbane, Queensland. 

out the Embioptera very distinctly from all other groups. All 
these characters are possessed by Megaynatha. Further, the 
Embioptera possess elongated maxillary palpi, which, in the 
position of rest, lie projecting in front of the head, much in the 
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manner that these supposed mandible# of Mmjcuj natha do in the 
actual fossil. The only two discordant characters are the much 
more complex venation of the fossil, and the closeness of its wings 
at their bases. The latter rnay be easily explained as having 
been due to unequal crushing of the thorax; probably the wings 
were actually well separated at their bases, as the structure of 
tiie thorax, and the position of the legs, undoubtedly suggest. 
As for the venation, it is quite evident that recent Embioptera, 
like most recent Termites, possess a very reduced venation, con¬ 
taining only very little of the original elements. We see, in 
MastotHnnasy how complex was the venation originally possessed 
by the Termites. In the Embioptera, the analogue of Mmto- 
termen no longer exists; or, at any rate, it has not yet been dis¬ 
covered. But I have seen a species from Australia (of which, 
unfortunately, I have no notes or figures) with a venation con¬ 
siderably more complex than that of Oliyotoma . All students of 
the Embioptera agree that they represent the last remnants of 
a peculiar group of great antiquity; but, so far, their fossil history 
has been almost completely missing.* 

Megtujnatha is larger than Oligotoma; but this is what we 
should expect, if the two are really related. For Oligotoma is 
clearly a reduced form, as its venation proves. 

T would suggest, therefore, that Megagnatha adonatiformis is 
in reality an ancient representative of the Embioptera, and 
should be placed within that Order, as the sole known type of a 
new family, the Megagnatkidtr, differing from all known members 
of the Order by its greater size and more complex venation, as 
well as, probably, by the shorter comparative distance between 
the bases of the fore- and hind wings. 

Ab the identification of the “mandibular-like” structures as 
true mandibles is, at the best, very doubtful, and as not a single 
Odonate character is possessed by this fossil, it is much to be 
regretted that its author should have chosen a generic name 

* Two doubtful records from West African Oopal can scarcely be 
regarded as more than subfoesil, and add nothing to our knowledge of the 
group. A single species from Baltio Amber belongs to the genus Oligotoma' 
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baaed upon the former character, and an entirely misleading 
specific name, neither of which can be altered. 

Sycopteron 8YMMRTR1CUM Bolton. (Text-fig.3, ft, c). 

Sycopteron nytnmrtrica Bolton, op. ct/., pp.6-8, PI. ii., figs. 1-2. 

If this fossil could be proved to be Mecopterous, it would be 
one of the most striking discoveries in Palawan tomology. For 
that reason alone, we are all the more bound to examine the 
evidences of its supposed Mecopterous affinities as carefully as 
possible. 

Text-fig,3, 6, r, are portions of Bolton’s PI. ii., fig.2, which, as 
far as I can see by comparison with the photograph in his flg.l, 
is accurate in all except a possible minor detail or two. The first 
thing that strikes one, on examining this fossil, is the way that 
its wings are folded down the back of its abdomen. If this were 
the natural position of rest, it would be that of a Dipteron or a 
Hymenopteron; yet both these Orders are excluded from the 
question, for reasons that must be sufficiently obvious without 
stating them. We have, then, to conclude, either that Sycopteron 
belonged to some extinct Order, which folded its wings in this 
position (a highly improbable theory), or that it belonged to some 
Order in which the wings were held roof-like over the abdomen; 
in which case, the flattening down of the wings in the fossil 
may well have caused some underfolding of either the costal or 
the posterior border of the wings, or both. 

Bolton claims for his insect a Panorpoid venation, stating that 
its nearest approach is to be found in OrthopJdebia of the Lias. 
When, however, he goes into detail, it is quite clear that he is 
unable to homologise the separate veins of Sycopteron with those 
of Qrthophl,ebia> without getting into very serious difficulties. In 
order to show this, I give in Text-fig. 3, a, 6, the venation of 
Syoopteron f (6), as interpreted by Bolton, and the venation of 
PermoehorutOi (a), which is the oldest fossil Meoopteron known, 
and the venation of which closely resembles that of Orthophlebia. 
It will be seen at once that the type of venation present in the 
Meooptera (and there is no Order in which the venation is more 
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constant in character, differing little right through from the 
Permian to recent times) is radically different from that of 



a, Forewing of PermochoriMa mitcMli Tilly aid, (restoration, with all 
the eroes-veins omitted); (*4). Permian of Newcastle, N.6. W. ft, Fore¬ 
wing of SycopUnm aymmtlricum Bolton, with his naming of the veins; 
(x 7J). Uppsr Carboniferous of Commentry. From Bolton’s PI. ii., fig.2. 
c, Head and thorax of same, from the author’s same figure; (x 7|). d, 
Forewing of Amphimtomum paradoxur* Br.; (x lft). Oligooene, Baltio 
Amber. From Enderlein. In 6, the dotted vein x indicates the probable 
position of the basal pieoe of Rs, not shown in Bolton’s fig. 2, but appa¬ 
rently slightly indicated in his fig. 1 (photograph). 

8ycopteron t , this latter being of a much simpler type, which does 
not occur in the Order Mecoptera at all. The reaemUance is 
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due only to the method of branching dichotomously, and the 
absence of clearly-marked crosHveinft,-—characters which are by 
no means confined to the Mecoptera. 

I would suggest that the true costa of this insect has become 
folded under in the fossil, and is not clearly visible. Bolton 
says, “The costal margin seems to have been extremely delicate, 
and to have left very faint traces of its position.” ThiB might 
well be true of the subcosta, which is frequently a weak vein. 
In the Mecoptera, the costa is strongly formed, but there are 
other insects in which it is not so. This suggestion receives 
support from the fact that, if the front vein preserved in this 
fossil is really the costa, then Sc, R, and M all come off from a 
common stem, in a manner that cannot be paralleled except in 
the Homoptera, and certainly never occurs in the Mecoptera. 

Whether we allow that the costa was underfolded or not, the 
following dilemma has to be faced:— 

(1) If the fossil is Mecopterous, then the naming of the veins 
by Bolton is incorrect. The five-branched vein which he has 
distributed between R and Rs is certainly the media; and we 
are then driven to suppose that all the rest of the venation, 
costad of this, has been underfolded, except a portion of Rs, which 
would be Bolton’s So. 

(2) If Bolton's naming of the veins is correct [or even if the 
large extent of underfolding suggested in (1) cannot be admitted], 
the fossil is neither Mecopterous, nor in any way related to the 
Mecoptera, since the typical Sc, R, and Rs of that Order—the 
latter alone of which is never less than four-branched*—are all 
absent 

From this dilemma, there is only one escape, viz., to admit at 
once that the Mecopterous affinities, much as we must regret it, 
cannot be proved, and to seek for some more likely solution of 
the problem. 

In Textrflg.3, d, I show the venation of the forewing of the 
very archaic insect Ampkimiomum paradozmm Br., from Baltic 

* Bxoepting In the highly reduced, recent NannochoriMida, where it i» 
three-brsnohed, 
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Amber. This insect belongs to the Order Psoooptera or Copeo- 
gnatha, an Order which is not Holometabolous, but which pos¬ 
sesses a reduced venation very closely resembling that of certain 
Holometabolous Orders, in particular the Hymenoptera. Nearly 
all recent Psocoptera have a much more specialised venation than 
Amphirntomum; hut dose relatives of the latter still exist in the 
peculiar genera Eehmepttryx and CymatOfwocu$ y as well as the 
genus Amphimtwnnm itself, which has recently lwen rediscovered 
in Ceylon., 

It will be seen that the correspondence between the wing-veins 
of Sycoptrron and Amphirntomum is exceedingly close; in fact, 
they can be completely homologised, provided only that Syroj>t- 
#ron possesses the short basal piece of Rs which is absent from 
Bolton's figure. A close examination of the photograph of 
Sycopteron, in Bolton’s PI. ii., flg.l, suggests to me that this piece 
actually does exist; at any rate, it seems to be clearly indicated 
on the left wing. The fossil should certainly be further examined 
to determine this point. 

In Amphimtomnm, the subcosta is a very weak vein, merging 
into the costa before halfway. The radius is a strong vein, forked 
distally, and giving off its sector far distally, at a point only just 
before its fork. Rs itself is forked, as in tiycopteron (the vein 
Bolton calls R). Further, M is three-branched in Amphientomum, 
in the same manner as in Sycopteran (the vein Bolton calls Rs). 
In AmphienUmum^ the cubitus is forked far dieted, and is 
attached to the stem of M at a point quite one-third of the wing- 
length from the base; in tiycopteron, the attachment and forking 
lie both much further basad. Bo also the anal veins in Amphi- 
entomum are less primitive than in Sytsopt^*tm^ being shorter and 
less straight. 

Now Amphientomum is evidently specialised in the following 
points:— 

(1) The shortening of Sc. 

(2) The removal of the origin of Rs far diatad, and consequent 
shortening of that vein. 

(3) The close union basally between M and Cu. 
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(4) The removal of the cubital fork far distad, 

(5) The shortening and curvature of the anal veins. 

If, then, ancestors of this insect existed in Palaeozoic strata, 
we should expect them to exhibit a generalised condition in these 
five characters. This is exactly what Sycoptmm does exhibit. 
Without stating positively that Sycopteron lies in the ancestral 
line of Amphimtomum, yet we can affirm that, as far as its vena¬ 
tion is concerned, the two are certainly closely allied, and 
Sycopti'ron in the older type. 

Let us now examine the rest of the fossil for clues as to its 
affinities. The first peculiarity to lie noted is the huge boss-like 
areas upon the back of the head (Text-fig. 3, c). If these be com¬ 
pound eyes, then Syctyteron is certainly neither a Mecopterous 
nor a Psocopterous insect; but, as Bolton mentions no facets on 
thesef areas, we may confidently take it that they are not. They 
must, therefore, be epicranial or occipital swellings. Now the 
head of Sycojderon is much too prominently developed to agree 
with the Mecopterous type. But almost all the Fsocoptera have 
a comparatively large head, with prominent development of the 
posterior portion of the epicranium. If such a head were to be 
crushed somewhat in becoming fossilised, its appearance would 
certainly closely resemble that of Sycopteron . The small eyes 
would probably be completely covered by the flattened epicranium. 

The structure of the thorax in Sycopteron is certainly primitive, 
and might indicate equally well affinitios with several Orders, 
including both Fsocoptera and Mecoptera (Text-fig. 3, c). 

Again, in the Psocoptera, the hindwing is always small and 
weakly chitinised. Hence, in insects of this Order which might 
become fossilised with their wings flattened down over the abdo¬ 
men, no sign of the hindwing or of its venation would appear. 
The Mecoptera, on the other hand, have, of all the insects, except 
the Odonata and Planipennia, the most strongly chitinised hind- 
wings, of a size almost equal to the forewings, and with a strongly 
marked and closely similar venation. Hence, if a Mecopteron 
became fossilised in the position we are supposing, it seems 
inevitable that traces of the hind wings and of their main veins 
10 
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must be present. But Bolton mentions nothing of this sort, and 
the photograph in hiB PI. ii., Ag.l, certainly shows nothing that 
could be so interpreted. The probability, then, of this fossil 
having belonged to the Mocoptera, is very much diminished upon 
this count alone 

Taking all the evidence into consideration, it seems legitimate 
to conclude that Sycopteron is most certainly not a member of 
the Order Mecoptera, but that it is very likely an archaic type 
of the Order Psocoptera, related to AmpkimUmum of the Oligo* 
cone, but considerably leas specialised, in that it lackB all Ave of 
the venational specialisations possessed by this genus. It should 
certainly be placed in a new family Sycopteridte, having the 
characters already mentioned. It should be noticed that the 
size of this insect (wings 9-10 mm.) agrees very well with its 
inclusion in the Order Psocoptera, all the known members of 
which are small, ranging from a wing-length of only 10 mm., at 
most, down to very minute and wingless recent forms. 
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ORDINARY MONTHLY MEETING. 

April 24th, 1918. 

Professor H. G, Chapman, M.D., B.S., President, in the Chair. 

Mr. Clyde Douglas Gillies, M.Sc., University of Queensland, 
Brisbane, and Dr. Henry Priestley, B.Hc., University of Syd- 
ney, were elected Ordinary Members of the Society. 

The President announced that the Council had elected Messrs. 
C. Hbdley, F.L.S,, W. W. Frouoatt, F.L.S., W. S. Dun, and 
A. G. Hamilton to be Vice-Presidents; and Mr. J. H. Campbell 
[Royal Mint, Macquarie Street] to be Honorary Treasurer—for 
the current Session, 1918-19. 

On the motion of Dr. Cleland, it was resolved: that the con¬ 
gratulations of Members be tendered to Dr. 8. J. Johnston, B. A., 
on his appointment to the Chair of Zoology in the University of 
Sydney. 

The President offered the congratulations of Members to Dr. 
R. J. Tillyard and Dr. A. B. Walkoin (in abamtid) on their 
attaining the Doctorate of Science. 

The Donations and Exchanges received since the previous 
Monthly Meeting (27th March, 1918), amounting to 51 Parts or 
Nos., 7 Bulletins, 2 Reports, and 5 Pamphlets, received from 30 
Societies, etc., were laid upon the table. 
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THE ORIGIN OF YOLK IN THE OVA OF AN 
ENDOPARASJTIC COPEPOD. 

Rv H. Leighton Kestkvkn, D.Hcv, M.B., Ch.M. 

(Plate iii.). 

In January, 1905, Professor J. P. Hill presented me with 
material for the study of the morphology and development of an 
endoparasitic eopepod infesting Ptyehod#r<t auntrcdvrutin Hill. 
Hie parasite was found to be new, aud was subse 4 uently described 
under the name of Ubius hilH Kestv., in 1913(8). The following 
observations were made on the developing, ultimate ofigonium, 
and primary oocyte at the time U . hilli was studied (1908), and 
were submitted to Pn>f. Hill for criticism. At his suggestion, 
this paper was withheld from publication because, at that time, 
the material on which the observations were made was all stained 
in one way. Since then, I have obtained fresh material, which 
was fixed in (a) 5% formaldehyde in seawater; and (6) Muller's 
bichromate-solution. Specimens, after cutting, were stained with 
(1) Delafield’s hematoxylin, (2) in Heidenhain’s hematoxylin, 
(3) Mayer's carm-alum, (4) Flemming’s method for kAryokinetic 
figures. 

This staining was done over three years ago, but press of 
other work has, till now, prevenced me from examining the 
results. Recently, I have found time to go over these sections, 
and I find ttfair T liave nothing to add to the original paper. I 
am satisfied, that the observations recorded truly represent pro¬ 
cesses taking place in the developing cell, and are not artifacts, for 
I find the cells to present these appearances, not only in different 
specimens similarly stained, but also in the same and in different 
specimens dissimilarly stained. Were I situated in a city near 
a ^ibrary, I doubt not I would find many reasons for altering 
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that portion of the following paper which deals with the litera¬ 
ture* This paper was written in 1908, and since then I have 
had no opportunity of keeping abreast of the cognate current 
literature, and, at present, I am beyond the reach of a library. 
I believe, however that even though this contribution is thus 
nine years old at date of printing, it is deserving of publication. 

The ovarian epithelium in the young female is composed of 
fairly regular, cubical oogonia.* The continued division of these 
gives rise to the mass of ultimate oogonia which tills not only 
the lumen of the ovary, but also the anterior portion of that of 
the oviduct. It is while lying free in the lumen, in this mass, 
that the ultimate oogonium advances so far towards maturity, 
that it may thereafter l>e regarded as the primary oocyte. 

When first shod into the lumen of the gland, the ultimate 
oogonium is a small, rounded, hyaline cell. Its comparatively 
Ifirge nucleus may contain only one karyosome, or it may contain 
two, thi*ee, or four of approximately equal size. The size of the 
nucleus is defined by the nuclear membrane alone; that is to say, 
the nucleoplasm is hyaline, and takes no stain, nor is it differen¬ 
tiated from the cytoplasm by the presence of a discernible chro¬ 
matin-reticulum (Fig.l). In those cases where there is only one 
karyosome, 1 am unable to find that this one differs from the three 
or four in other cases, nor among these is there any difference 
inter 8e. 

The cell now enlarges.' The nucleus, increasing in size at a 
greater rate than the cell, comes ultimately to fill nearly the 
whole cell. 

When this process has reached the stage depicted in Fig.2, a 
chromatin-reticulum is well established, and the karyosomes have 
increased in number. In short, the period is characterised by an 
increase of chromatin. 

As soon as this increase has reached \ts maximum, the reticulum 
becomes broken down, till, as depicted in Fig.3, in place of a 
network, there is present a great number of fine granules of 

* The description is of material stained with hematoxylin without any 
counter stain. 
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chromatin, and the karyosomes lie fi*ee in the nucleoplasm. The 
period is characterised by the disintegration of the chromatin- 
reticulum formed during the last period. 

The fine granules of chromatin next begin to increase in size, 
and lose in depth of staining, until, instead of being opaque 
black points, they become semi-translucent, purple spherules. The 
karyosomes meanwhile remain unchanged (Fig.4). This pheno¬ 
menon, I regard as the formation of the first yolk-granules. 
During succeeding stages, they continue to increase in size. 

The karyosomes very soon exhibit signs of activity. Each of 
them, from a solid sphere of chromatin, becomes converted into 
a small, spongiform mass (Fig.5), probably due to the formation 
of vacuoles within them. What this activity, which characterises 
the period, means, I am quite unable to say, but I do not think 
that it can affect the deductions made later. 

Meanwhile, the nucleus has so increased in size, that it is now 
surrounded by a mere envelope of cytoplasm, the presence of 
the nuclear membrane being evidenced more by the definite out¬ 
line of the nucleus, than by the actual visibility of the membrane. 

The next period is characterised by the formation of a new 
and much.smaller nucleus within the old. This takes place in 
three steps. 

Around one, or it may be two or three, coalescent, spongiform 
karyosomes, there becomes recognisable an area of plasm devoid 
of the spherules, which are scattered plentifully throughout the 
rest of the nucleus, and this area of plasm takes a faint purple 
stain (Fig.6). 

This purple-staining globule of plasm, with its contained karyo- 
some or karyosomes, by this time quite coalesced, is next enclosed 
in a distinct *m$mbiune (Fig. 7). 

The kaiyosome once more assumes a solid spherical form, the 
surrounding plasm still staining purple. 

This area henceforward constitutes the nucleus of the cell; it 
is shown in Fig.8, which is a section of a mature, primary ottcyte* 
Meanwhile the remaining karyosomes, scattered throughout the 
old nuclear area, have also shrunken to their previous sise and 
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shape, and again become solid; during this time, none of them 
were surrounded by a clear area of plasm staining purple. 

The old nuclear membrane is apparently still present, in some 
cases, until a much later period; but, in others, it seems to have 
broken down at the time when the new nucleus first develops its 
membrane. 

Up to this time, the ultimate oogonium has lain free in the 
lumen of the gland or oviduct; it now becomes attached to the 
wall of the latter, either to one cell by a foot, as in Fig.9, or, in 
the absence of the foot, to several cells. 

Growth in size appears now to take place very rapidly, and 
there is a great increase in the quantity of yolk-spherules. No 
changes are observable in the new nucleus. 

Concurrently with the increase in size of the cell and quantity 
of yolk, the karyosomes left free in the old nuclear area appear 
to be dissolved without showing any further signs of activity. 
When the cell, now to l>e regarded as a primary obcyte, has 
reached its full size, it is once more set free into the lumen of 
the oviduct. 

There is present in the mature primary o6cyte only one set of 
spherules, variable in size, certainly, but differing in no other 
way from one another. All are yolk-spherules or none are yolk- 
spherules. The spherules which were formed by increase in size 
of the chromatin-granules are, therefore, similar to, and may be 
regarded as being the same as, those formed later. 

After these observations had been made, and the conclusions 
given below had been deduced from them, I sought, in the pub¬ 
lications of previous workers, for comparable observations and 
deductions. I cannot better give the results of my examination 
of literature than by the following quotation from a paper by 
Caroline McGill(3), who, on p,219 of the paper quoted, expresses 
the opinion that “it seems probable that chromatin may have 
something to do with yolk-formation.’* 

Will (7) thinks that the larger nucleoli of the amphibian 
germinal vesicle pass out into the cytoplasm, and there become 
yolk-nuolei. MacC*llum(4^ concludes that, in the ova of Am* 
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phibia, the peripheral nucleoli generate a substance which diffuse** 
first into the nucleus, and from there into the cytoplasm; finally, 
it combines with the cytoplasm to form yolk. Henneguy(S) be¬ 
lieves that the corpuscles of Balbiani in vertebrates are cither 
parts of the nucleolus, or the entire nucleolus, which passthrough 
the nuclear wall into the cytoplasm. Montgomery (6), in Piaicola, 
describes the nucleus us contracting in volume, and, in so doing, 
discharging all except one of its nucleoli into the cytoplasm. 
Goldschmidt(1), in active gland-cells and in muscle-cells of iittcam, 
has described a cytoplasmic chromatin, which, instead of being 
gathered into irregular masses as in the Nissl bodies of nerve- 
cells, is arranged in fibres or coarse reticula. Tn most instances, 
however, this chromatin, which he calls ‘Chromidi&lapp&rat,’ is 
not derived from nucleolar material, but represents nuclear chro¬ 
matin which has made its way into the cytoplasm. In fact, in 
many cases, the chromatin-fibres of the cytoplasm extend directly 
through the nuclear membrane, and are continuous with the 
chromatic reticulum of the nucleus. Since the chromatic appa¬ 
ratus is more highly developed in active than in resting cells, 
Goldschmidt concludes that it must function in the metabolism 
of the cytoplasm. 

My own deductions may now be put very briefly. They are:— 

1 . The yoik'granuies are formed by the combination of a cyto¬ 
plasmic constituent with chromatin. 

2 . The first yolk-granules are formed within the nucleus. 

3. The formation of the new nucleus is a pseudo-contraction of 
the overladen, old nucleus. 

4. This pseudo-contraction leads to the shedding of some of the 
kaiyosomes, which are henceforward to be regarded as yolk-nuclei. 

5. These yolk-nuclei are stores of chromatin, which are to con¬ 
tinue the functional activity of the nucleus of the growing pri¬ 
macy oOcyte, that is to say, they are to supply chromatin for 
that combination which is yolk-formation. 

6 . The ultimate oogonium is nourished by endosmosia, the 
primary ottoyte by the epithelium of the oviduct. 1 In both cases, 
the all-important substance received i^the cytoplasmic constituent 
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which enters into yolk-formation. Chromatin-constitueiitN, how¬ 
ever, must be derived from without in the earliest stamen. 
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Fjgs.2; 3,4, ft.—Stages in the growth of the ultimate oogonium. 

Figs.0, 7.— Stages in the formation of the new nucleus. 

Figa.8,9.—Sections of mature primary oocytes. 
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CONTRIBUTIONS TO OUR KNOWLEDGE OF SOILr 
FERTILITY. 

No. xvi. The Search for Toxin-Producers. 

By R. Gheig-Smith, D.Sc., Macleay Bacteriologist to the 

Society. 

In the earlier papers of this aeries, it was shown that bacterio- 
toxio substances were sometimes present in the clear liquid ob¬ 
tained by shaking a soil with water and filtering it through 
porcelain. The toxins were potent, for, when the same portion 
of soil was extracted a second time with water, the extract was 
highly nutritive. The first extract undoubtedly contained sub¬ 
stances which functioned as toxins, as well as substances which 
acted as nutrients, and, of these two, the toxins were the more 
powerful. 

The local soils were found to be toxic during the cold winter 
months and not in the dry Bummer. The toxicity was variable, 
and even in the favourable season, one could not be certain that 
a soil, undoubtedly toxic at one time, would be toxic at another. 
It seemed to be a matter of chance, but this was undoubtedly 
due to the fact that the cause of this toxicity was unknown. 
With the elucidation of the origin of the toxinB, it will be better 
understood when a soil is likely to be toxic or otherwise. 

Soil-toxicity, as exhibited in the extracts of the soils, can be 
demonstrated directly and indirectly. Directly, by adding a 
oertain number of a test-bacterium, and obtaining a diminution 
in that number after an incubation-period of, say, 20 hours at 
22*. Indirectly, by obtaining an increased growth as a result of 
boiling the extract and also of diluting it. A toxic soil exhibits 
all three characters. There are other points connected with 
toxio soils, and these will be found in my former papers. 

During my earlier work, I was led to believe that the cause 
pf the toxicity would be found in the products of the bacteria* 
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and, in the beginning of this research, into the etiology of 
toxicity, some of the more likely bacteria were tested with more 
or less completeness. The work was tentative, the bacteria were 
tried one way and another. A favourable result was occasionally 
obtained, which led to repeated trials with slight variations, but 
these ended in failure to obtain a truly toxic condition. Some 
moulds were also tested, but the experiments with these did not 
lead me to believe that tho source of the toxins would be found 
in the flora of the soil. The fauna remained, and when the 
amoebes were tested, the first results were so satisfactory that the 
source of the toxins seemed to have been traced. Unfortunately, 
these results were not confirmed, and, as the work proceeded, it 
became evident that the toxic effect was caused by the produc¬ 
tion of alkali in the solutions in which the protozoa were growing. 
The test-baoteria were very sensitive to changes of reaction, and, 
so far as the solutions were concerned, it was made clear that a 
perfectly neutral solution was exceedingly difficult to maintain, 
and that any departure from a strict neutrality retarded tho 
growth of the bacteria and exhibited some of the effects of a 
toxic solution. The main steps of the work that led to this 
conclusion are recorded in the following pageB. Many experi¬ 
ments have been omitted because the results did not appear to 
justify a lengthening of the paper. They were either indefinite 
or confirmed a negative result previously obtained. 

It is well known that some soil-bacteria are inimical to others, 
and it was considered that some one group might be specially so 
to bacteria generally. Instances of an inhibiting or toxic effect 
exercised by some micro-organisms against others are familiar to 
most workers in soil-bacteriology. It is an ordinary experience 
to find certain colonies of bacteria, such as hoc, mycoides and 
certain moulds, passing over or through other bacterial colonies 
when spreading over the surface of an agar-plate. Occasionally, 
they are seen to avoid some particular colony, and we find these 
surrounded by a clear zone of agar, across which the,wandering 
mould or bacterium will not pass. Apparently, the colony has 
sent into the medium some toxic substance, and there doeB not 
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appear to bo a thinning away of the toxin, for the wandering 
colony generally becomes heaped up at the margin of the toxic 
zone and then spreads round and eventually encircles the colony. 
It may be that the thickening of the edge is caused by the toxin 
becoming so weak as to be able to exercise a stimulating action 
like other weak poisons.* The Actinomyces-colonies are gener¬ 
ally toxic to such wandering moulds and bacteria. 

As soil contains so much sand and inert matter, it did not 
appear to be a suitable medium for experiments with these pre¬ 
sumable toxin formers, and it was considered that a fluid medium 
would be better. With regard to the nutrient added to the 
water, Bottomley’s work with auximones had suggested the idea 
that there might be a relation between them and decayed soil- 
toxins. Bottomley used moist peat-moss as a culture-material, 
but, as this could not be obtained, the first experiments were 
made with washed sphagnum-moss suspended in water. 

The moss was picked, dried, cut up, washed, and again dried. 
Ten grams were put into a flask with 600 c.c. of tap-water and 
sterilised. 

Two bacteria, T.P.2 and T.P.4, were selected as being possible 
toxin-producers. They were not identified at first, for, in ex¬ 
periments such as these, one determines the value of the bacte¬ 
rium first and identifies it afterwards, if its activity justifies the 
identification^ The bacteria were seeded into the flasks of sus- 

• Journ. Roy. Soo. N. S. Wales, 1916, p.77. 

t Bac. T.P.2 is a short, motile rod measuring O’ft : 2 fi. Gelatine is 
liquefied slowly, the oolonies being round, white, and slightly raised with a 
oiliate edge. On agar, the growth is ivory-white, rough and ooheeive. 
Long, needle-shaped crystals are quiokly formed in agar containing sodium 
phosphate, and these are fairly characteristic of the organism. In some 
media, slime is formed from dextrose, although none is produoed on 
Lipman-Brown agar. In bouillon, the growth produoes turbidity, a film 
and a sediment; nitrates are not reduced. Milk is ooagulated and slowly 
peptonised. On potato, the growth is yellow-brown. The indol test is 
positive, the Gram test negative, and the bacillus produoes neither gas or 
acid from dextroee, saccharose, mannite, or glycerine. Nitrate is not pro¬ 
duoed from ammonia salts* It appears to have Bac, inunetus as its closest 
ally* 
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pended moss, which were incubated at 22“ for varying periods. 

The extract wan prepared in the usual way by filtration first 
through paper, then through porcelain. One portion of the 
extract was boiled for an hour under an inverted condenser. The 
various portions, generally 50c.c., of the raw, boiled, and diluted 
extracts, were each seeded with 1 c.o, of a suspension of Baa. 
prodiyinma, and incubated at 22° for 20 hours, when counts 
were made by the plate-method. The numbers of bacteria in the 
raw extracts were taken as 100, and those in the treated extracts 
were calculated in terms of this. Fractions were omitted, and 
numbers less than 1 were taken as 1. The actual number of the 
water-control can be found by dividing the extract by the 
extract/water ratio, for the latter was obtained by dividing the 
extract-count by the water-count. 

Expkrimbnt i. 

Growth of Bac. prodiyiomui in extract, 20 hours at 22°. 


Mioro-organiRm. 

T.P.4 


T.] 

P.2 


Penici Ilium dado- 
sporioides. 

Nature of iuohr. 

new 

new 


old 


new 

old 

Duration of tent; dayu— 

29 

8 

12 

11 

10 

13 

10 

11 

Number of test. 

1 

2 

3 

4 

5 

0 

7 

8 

Extract, boiled 

700 

223 

72,000 

000 

5,300 

34 

184 

1,167 

Extract, raw ... 

100 

100 

ino 

100 

100 

100 

100 

100 

Extract, raw, 80% 

33 

54 

122 

92 

100 

479 

90 

48 

Extract, raw, 00% 

15 

15 

133 

100 

100 

2,240 

07 

40 

Extract, raw, 40% 

6 

4 

300 

107 

100 

600 < 

50 

14 

Extract, raw, 20% 

2 

1 

107 

107 

135 

21 

30 

40 

Water-control. 

1 

1 

111 

77 

88 

1 

25 

8 

Extraot/water ratio ... 

417 

580 

0*9 

VB 

1*2 

111 

4 

12 


In looking over the results of Experiment i., it is seen that 
moss is not a good substance for determining toxin-production. 
When new, it is too nutritive, and when old, that is, when it had 
been used and washed once or twice, it is too poor. The dilution- 
curves of tests 3, 4, and 6 are almost horizontal lines, indicating 
that the extract is of a nature similar to water. The results 
obtained by boiling the extract in tests 3 and 6 cannot be ex- 
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plained; they certainly indicate a degree of toxicity which is not 
confirmed by the dilution-numbers. 

The numbers with PenicUlium cladosporioide* ai*e peculiar. A 
flask with new moss had been sterilised and allowed to stand for 
several weeks before being infected with Bac. T.P.2. At the 
end of the incubation-period, the mould was plainly seen growing 
as a floating mass upon the surface; it had ousted the bacteria, 
for few bacterial cells were obtained from the fluid. The rise in 
the numbers upon dilution is typical of a toxin, but the reduction 
upon boiling is not. Again, the dilution-effect was not obtained 
in tests 7 and 8. 

On the whole the experiment was unsatisfactory, and con¬ 
sequently other media were tried. 

Experiments were made with dilute solutions of nitrogenous 
salts such as ammonium sulphate, ammonium phosphate, and 
potassium nitrate, as well as with alkaline salts as potassium 
phosphate, but there was little sign of any probable formation of 
toxin with any of them. 

The use of Collodion-Capsules. 

In an endeavour to improve the experimental method, use was 
made of collodion-capsules, as it was considered that by growing 
the bacteria outside and the test-organism inside the capsule, the 
production of toxin might be rapidly determined. Accordingly, 
capsules were prepared by coating the insides of 3/4 in. test-tubes 
with 4% agar in water. After drying at 37°, they received one 
or two coats of thick collodion, and a narrow paper-scale was 
fixed inside near the middle, and a short length of thin tubing 
with a thread attachment near the top. The separation of the 
capsule from the tube was effected by filling tbe tube with water 
and slowly raising it to near the boiling-point, when the collodion 
separated easily from the glass. The capsules were washed in 
changes* of water, steamed to get rid of all traces of alcohol, and 
finally inserted in wide test-tubes, which were plugged. The 
medium was added, 20 o.c. in the outer tube, and 6 c.o, in the 
capsule, and the whole was sterilised. The outer liquid was 
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seeded with soil-organisms and incubated for some days, when a 
suspension of the test-organism, Bac. prodigiosus , was added to 
the capsule. After incubation at 22° for a day or two, the cells 
were distributed, either by blowing air through the culture or 
by repeatedly drawing up and blowing out the liquid in a pipette. 
Then 1 c.c. was abstracted, and a count of the bacteria made. 
Previous to the mixing, the height of the liquid on the paper- 
scale was read, and afterwards the volume was determined by 
water run from a burette to the same mark. 

The soil-organisms were obtained from a garden-soil that had 
been kept some time in the laboratory. The numbers of bacteria, 
originally high, as the soil had been heated, had fallen to that 
normal for the soil, viz., to 6 to ft millions per gram. Plates of 
Lipman-Brown agar were smeared with the soil-suspension in 
appropriate dilution, and, after several days, it was noted that 
the flora consisted roughly of 30% of bacteria, and 70% of Actino- 
inyces-forms. Of the latter, 17% were Actino. chromogena, which 
darkened nutrient agar strongly; and 23% were Actino . odortfera, 
which darkened the agar slightly; the remaining 30% were 
indefinite. Many colonies were picked from the plates, the 
micro-organisms were classified or grouped, and representatives 
of the groups used for infecting the liquid outside the collodion- 
capsules in the tubes. 

The experimental results were noted os the progeny of one 
test bacterial cell originally added to the collodion-capBule, but 
as nothing will be gained by giving the exact numbers, the 
general indications, as compared with control-tests obtained from 
the figures in the various experiments, are here noted. 

Experiment ii. Soil-extract [soil 1, water 2 parts]. 

Soil-bacteria, 6 days at 18°; test-bacteria, 1 and 7 days at 22°. 
Inhibiting strongly—Rhizobium from soil, Bao.A7. 

Inhibiting slightly—Various (0) Actinomyces-forms, Bac. AO. 
Accelerating slightly —Aspergillus sp., Bac. A2» 

Accelerating strongly—Bac. Al. 

As an indication of the value of the terms, it may be said 
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that the control-test showed that one cell had, in 7 days, in¬ 
creased to 118,000; the Rliizobium had multiplied only to 100; 
the Actino.-forms averaged 63,000, Aspergillus 240,000, and 
Bao. A1 had a progeny of 7'28 millions. 

Experiment iii. Gum-acacia, 0*2%. 

Soil-bacteria, 12 days at 18°; test-bacteria, 6 days at 22°. 
Inhibiting slightly —Attpenfillns sp., Penicillium sp., Actino. chrvm. 
Indifferent— Actino. odor., Bac. Al, Bac. AB. 

Accelerating strongly—Bac. A17. 

Experiment iv. I lay-infusion, 0*05%. 

Soil-bacteria, 11 days at 16*; test-bacteria, 1 day at 16*. 
Inhibiting —Bac. B4. 

Inhibiting slightly—Bac. B5. 

Indifferent—Bac. B2, grey and white Actinomyoetes. 
Accelerating—Bac. B8. 

Experiment v. Hay-infusion, 0*06%. 

Soil-bacteria, 11 days at 16°; test-bacteria, 2 days at 15*. 
Inhibiting strongly—Rliizobium (from soil). 

Inhibiting moderately—Bac. Al, Bac. A2. 

Inhibiting slightly—Various Actinoinycetes, Bac. A5, Bac. A7, 
Bac. A9. 

Experiment vi. Albumen, 0 ( 1% in tube, water in capsule 
(albumen coagulated upon steaming). 

Soil-bacteria, 7 days at 15°; test-bacteria, 1 day at 22°. 
Inhibiting strongly—Rhizobium (from soil), Bac. A7. 

Inhibiting slightly—Bac.T.P.2, Bac.B4, Bac.C2, Bac.C3, Bac.CL 
Indifferent—Bac. A17. 

Experiment vii. Soil-extract [soil 1, water 1 part]. 
Soil-bacteria, 11 days at 15*; test-bacteria, 1 and 3 days at 22*. 
Inhibiting strongly—Rhizobium (from the Lupin), Bac. A7. 
Inhibiting moderately—Bac. C3. 

Inhibiting slightly—Bac. T.B.2, Bac. B8. 

Indifferent—Bac. Al, Bao.A17, Bac.C2. 
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Experiment viii, Hay-infusion, 0*1%, with dextrose 0*1%. 

Soil-bacteria, 12 days at 16°; test-bacteria, 2 days at 22". 
Inhibiting moderately— Penic. cladosjx/rioidM. 

Inhibiting slightly—Actino. 11, Bac. AH, Bac.T.P.3, T.P.4,T.P.5, 
T.P.6, T.P.7, S.B.2, S.B.5. 

Indifferent—Actino.10, Bac. S.B.l, S.B.4. 

The results of the experiments, as a whole, showed that the 
action of the soihrnicrobe is generally irregular. This is notably 
the case with Bac. A17, which is the same as Bac. Al. In some 
cases, it increased the growth of the test-organism, while, in 
others, it had an indifferent action. In the case of Rhizobium 
and of iioc.A7, we have bacteria which produce a luxuriant slime 
in media containing sugar, and oven in those containing merely 
a trace of sugar or none at all, the inhibiting property is seen to 
remain. I cannot hut think that they acted by extracting the 
nutrient from within the capsule in order to produce their slime, 
which remained in the outer tube. The inhibition is, therefore, 
in all probability, due to the absence of nutrients rather than to 
tho presence of toxins in the collodion-capsulc. As the experi¬ 
ments did not promise to aid the investigation, they were dis¬ 
continued. 


Tub USB ok vauiouh Mbdia. 

The action of Ithixobium led to its being tested in flasks of 
various media, and the tests are grouped together in the follow¬ 
ing Table. 
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Experiment ix. 


Soil-oiganism 


Rhizobium. 


Derivation. 

Soil. 

Soil. 

Lupin-nodule. 

Lupiii-nodule. 

Medium . 

Hay-infusion. 

f»i%- 

Guni-aoauia, 

0-2%. 

Dried blood. 
0'4%. 

Ammonium 
sulphate, 
0*1% with salts 

Duration of test 

3 days. 

16 days. 

6 days. 

11 days. 

Temp, of inoubation 

I6 U 

15* 

13° 

16° 

Number of test 

1 

2 

3 

4 

Extract, boiled 

1,684 

343 

325 

41 

Extract, raw . 

100 

100 

100 

100 

Extract, raw, 80% ... 

170 

09 

106 

52 

Extract, raw, 60% ... 

106 

60 

96 

15 

Extract, raw, 40% .. 

80 

63 

67 

5 

Extract, raw, 20% 

175 

44 

49 

18 

Water-control 

58 

23 

15 

22 

Kxtraot/water ratio... 

17 

4'3 

6*5 

4*6 


There are indications of the formation of toxin in some of these 
tests, although it must be said that they are not very pronounced. 
Test 1 shows a narrow extract/water ratio, pointing either to the 
possible absence of nutrients in the extract or to the presence of 
toxins. The increases obtained in the boiled and in the diluted 
extract lead one to believe that toxins were present. Test 2 had 
undoubtedly been incubated for too long, but there is a suspicion 
that the extract is of the same nature as test 1. Test No. 4 is 
irregular, and, so far as we can judge, gives us no information. 

In these tests, the growing organism had undoubtedly removed 
nutrients from solution, and, by utilising them, had prevented 
their ^appearance in the porcelain-filtered extract. This was 
shown by an extension of test I, in which the raw, uninooulated, 
filtered hay-infusion gave 666,800 cells, and the same, when 
boiled, gave 379,600 cells as against 100 of the unboiled bacterial 
extract. 

A mixed culture of bacteria, existing as an actively nitrifying 
suspension of soil-bacteria, was seeded into a solution of 0*1% 
dextrose in 0-1% hay-infusion. The suspension was incubated 
at 15* for 7 days. On preparing and testing the extract, it was 
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found to give the boiling- and dilution-reactions. The original 
mixture of bacteria was plated out in levuloBe ammonium-sulphate 
agar, and the flora was seen to consist of five organisms named 
provisionally 8. B.l-5, These were tested with the same hay- and 
dextrose solution, but as they showed no sign of toxin-formation, 
it is unnecessary to give the details. The original experiment 
was repeated, but the result was quite different from the first. 

KxFEHIMBNT x. 


Soil-organisms 

Mixed bacteria. 

Medium 

Hay-infusion, 01% with dextrose 0‘1%, 

Duration of tent 

7 days. 

12 days at Io p . 

Extract, boiled . . 

917 

m 

Extract, raw 

100 

100 

Kxtraot, raw, 80% 

Extract, raw, 00% 

170 

92 

230 

59 

Extract, raw, 40% 

615 

31 

Extract, raw, 20% 

405 

[ 7 

Water-control 

26 

35 1 

1 

Extract/water ratio 

| 472 


The differences between these tests is marked, and, while there 
probably was a difference in the kinds of bacteria added in the 
two cases, there is the suggestion that the time of incubation 
inay have an influence upon the result.* In the 12-days’ test, the 
toxin may have been formed on or about the 7th day, and have 

* The experiment was repeated some months afterwards, with the fol¬ 
lowing results:— 


Soil-organisms. 

Mixed bacteria. 

Duration of test. 

2 

! 7 days. 

Extract, boiled 

188 

I m 

Extract, raw 

100 

1 100 

Kxtraot, raw, 80% .. 

32 

48 

Extract, raw, 00% .. 

8 

40 

Extract, raw, 40% . . 

1 

1 *4 

Extract, raw, 20% ... 

1 

i 20 

Water-control 

1 

i 9 

Extraot/water ratio.,. 

100 

i 1 -2 


The previous experiment was not confirmed, and there is no evidenoe of 
toxioity shown by the dilution-curves. 
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become decayed by the 12tli It appeared advisable, therefore, 
to teat the solutions, from time to time, to see the influence of 
the time-factor. This was done in the following experiment, in 
which ttac. T.P.2 was used at 16’ to 18°. 

Kxi'kkimknt xi. 


Soil-organism. 

1 



liao. T.P, 

>2. 



Medium. 

Hay-inf union, 0 

•a 

Hay-infunion and 
dextrose, 0*1%. 

Duration of test in days 

3 

5 

7* 

11 

3 

5 

n* 

Extract, bulled . 

450 

308 

70 

35 

240 

560 

2,092 

Ratio of boiled extracts 

12*8 

8*8 

2 

l 

1 

2*3 j 

87 

Extract, raw 

100 

100 

100 

1 100 

100 

100 

! loo 

Rxtiact, raw, 80% 

00 

80 

122 

09 

55 

36 

84 

Extract, raw, 60% 

48 

107 i 

118 

76 

32 

24 

107 

Extract, raw, 40% 

31 

111 

m 

63 

17 

19 

123 

Extraot, raw, 20% 

16 

82 

111 

58 

8 

7 

73 

Water-control .. 

5 

50 

122 

32 

1 

9 

192 

Extract/water ratio 

18 

1*8 i 

0*8 

3*1 

113 

h t> | 

0*5 


# The numbera in these are irregular, largely owing to the counts being 
low. 


During the filtration of the infusions through the porcelain, it 
was noted that, in the dextrose-media, a considerable amount of 
slime hud been formed. Attention was not called to this in the 
three days* culture, but, in the five and eleven days' culture, the 
slime was pronounced, it is clear from the results that the 
organism had produced a certain amount of toxin about the 
sixth day in the simple hay-infusion, and that it had largely 
disappeared by the eleventh day. The ratio of growth, which 
is a rough index of the approximate amounts of nutrients in the 
extract, declined as time aent on, and so did the effect of boiling 
the solution. In the hay- and dextrose-solutions, boiling showed 
a steady increase of nutrient produced as the age of the culture 
increased, while, without dextrose, the reverse was the case. 

The organism T.P.2 was originally obtained upon an agar-plate 
which had been seeded with a suspension of soil-bacteria. It 
waB conspicuous in producing a zone across which neither moulds 
nor spreading bacteria would go. The single oolony upon puri¬ 
fication was found to consist of two closely allied forms pro- 
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visional ly named T.P.l and T.P.2, the former producing a white 
colony, the latter an ivory-white on nutrient agar. T.P.l lique¬ 
fies gelatine quickly and forms no slime on dextrose-media, while 
Bac. T.P.2 liquefies gelatine slowly, and forms a slime from 
dextrose. The belief was raised by other experiments that the 
formation of slime withdraws nutrients from the medium, and 
yields a poor extract; but whether the toxin-formation has any¬ 
thing to do with the production of slime, has yet to lie deter¬ 
mined. Bac. T.P.l, the slime-free ally of Bac. T.P.2, was tested 
under the conditions of the last experiment, viz., in hay-infusion, 
with and without dextrose, and at periods of 3, 6, and 10 days, 
but no evidence of toxin-formation was obtained. 

An attempt was made to determine the effect of slime-forma¬ 
tion upon the production of toxin by using a race of Rhizobium 
from the soil, which formed a luxuriant slime on solid dcxtiose- 
media. 

Experiment xii. 


Medium. 

Hay-infusion, 0*1%. 

Hay-infusion with 
dextrose, 0*1%. 

Hoil-organism. 

Hhizobiuni. 

Khueobium. 

Duration of test in days. 

3 

0 

13 

3 

6 

Extract, boiled . 

82 

0 

205 

20,840 

43,090 

Extract, raw 

Extraot, raw, 80% 

100 

100 

100 

100 

100 

13 

10 

84 

3 

40 

Extract, raw, 60% 

1 

3 

77 

2 

36 

Extract, raw, 40% 

1 1 

4 

38 

2 

49 

Extract, raw, 20% 

1 

3 

30 i 

2 

47 

Water-control ... 

1 

2 

33 

1 

37 

Kxtract/water ratio 

1,900 

i 49 

i__ 

2*8 

72 

3 


A 13 -days' test with hay-infusion and dextrose was found to 
be sterile, and has been omitted. Although these tests were 
intended to see the effect of slime-production upon toxin-forma¬ 
tion, it happened that no slime was obtained on the porcelain 
filter from the dextrose-solution, and, but for the growths on 
agar-slopes, one would have thought that the cultures were dead. 
However, the slow reduction of the extract/water ratio as time 
went on, and the great increase obtained on boiling the dextrose- 
solutions were again noted. 
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1 have found, in the past, that soils are more toxic in the 
winter than in the summer-months, and it is to be expected that 
temperature will have some influence in either the production or 
the decay of the toxin. The influence of temperature was tested 
in the following. 


Exmchimknt xiii. 


Medium 


Bay- 

infusion, 

01%. 


Soil-organism 


Bao. T.P.2. 


Temperature 


15-5°. 


22°. 

Duration of test in days . . 

2 

4 

H 

! 

I 2 

7 

Extract, boiled 

Extract, raw 

20 

! 74 1 

12ft 

30 

18 

100 

100 

100 

100 

100 

Extract, raw, 80% 

3ft 

, 77 

48 

48 

20 

Extract, raw, 00% 

12 

04 

[ 18 

2fl 

12 

Extract, raw, 40% 

i ft 

46 

12 

17 

7 

Extract, raw, 20% 

1 

46 

10 

1ft 

5 

Water-control . 

| 1 

5ft 

! n 

8 

5 

Extract/water ratio 

248 

!__j 

i 2 

! 0 

15 

18 


The experiment was rather disappointing, as there was little 
evidence of toxin-formation at the lower or the higher tempera¬ 
ture. In four days at 16*6° it is shown by the low extract/water 
ratio that much of the nutriment has been locked up in the bodies 
of the bacteria. As the ratio is higher on the eighth day, one 
would imagine that there had been some dissolution of the cells. 

In an earlier experiment, there had been signs that some 
formation of toxin had occurred in a solution of gum-arabic 
infected with fiac. T.P.2. This led to the employment of an old 
culture of Rhixobium which bad been grown in hay-infusion and 
dextrose, and which contained a quantity of slime. It was 
sterilised and infected with Bao. T.P.2. It showed no signs of 
toxicity on the third day. 

An old culture of Bao. T.P.2 to hay-infusion was sterilised and 
infected with Bao. T.P.2, but there were no signs of toxicity on 
the second or fourth day. • 

A solution of Gum-Acacia, 0*2%, when infected with Bac. 
T.P.2, showed no toxicity on the second or fourth day. 
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A rod-shaped bacillus, Bac. A17, which had appeared to 
stimulate the growth of Bac. prodigioms in collodion-capsules, 
was tested in hay-infusion, but there was no evidence of toxin 
formation in the boiled or diluted extracts. 

In view of the indeterminate nature of the results hitherto 
obtained, it was deemed advisable to augment the intensity of 
the growth of the bacteria by increasing the amounts of the 
nutrients and by aerating the media during cultivation. To gain 
this end, beakers containing cotton-wool were sterilised, and 
media, such as 1% hay-infusion with and without 1% dextrose, 
which had been seeded with various organisms, were added in 
sufficient quantity to moisten the woo). After incubation at 
22 s , the cotton wool was squeezed and washed, and the liquids 
made up to a definite volume before being filtered through 
porcelain. 

A soil-Rhizobium, Bac. T.P.2, Penicillium cladosjwrioideiy and 
an Actinomyces, A10, were tested at different times, such as 3, 
6, and 11 days; but, in none of the tests, was any evidence of 
toxin-formation demonstrated. This also applied to old cultures 
of bacteria reinfected with moulds. The method was useless, 
therefore, for the object in view. 

The experiments, however, raised the idea that Bin all changes 
in the reaction might be responsible for much of the irregularity 
in the results. Bacterial cultures, in the absence of a ferment¬ 
able sugar, are generally more or less alkaline, while soil-extracts 
are supposed to be more or less acid. The soils used in this set 
of researches were acid, that is to say, when a piece of litmus- 
paper was inserted or pressed into a paste or porridge made by 
mixing the soil with water, it became reddened in the course of 
a few minutes. The aqueous extract of such soils should, there¬ 
fore, be acid, and it appeared that, if the extract could be pre¬ 
vented from becoming alkaline through the action of bacteria, 
there would be a better chance of demonstrating any development 
of toxicity. At any rate, the cultural fluids would be more in 
harmony with the conditions that pertain in the soil. To effect 
this faint, permanent acidity, it would be necessary to add some 
substance which would absorb any alkalinity produced, in the 
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sumo manner that chalk maintains a faint acidity in fermenting 
solutions of sugar. The only substance that promised to achieve 
this purpose was humic acid, and its use appeared advisable, as 
it is ever present in soils. 

A quantity of humic acid was accordingly prepared from 
rotted bamboo-mould by treatment with sodium hydrate, followed 
by acidification, washing with water by decantation, filtration, 
and finally by dialysis. The acids were dissolved in normal soda 
and sterilised. 

Tests were made with strong hnydnfusion with and without 
dextrose by the cotton-wool method, but, although several 
organisms were used, no results of any importance were obtained; 
the solutions were far too nutritive. A converse test with tap- 
water and no nutrient showed that the humic acid acted as a 
poison. Although an opalescent suspension of bacteria had been 
added, no living bacteria were to be found by the third day. In 
one case, a pink yeast had obtained access to the fiask, and, on 
the thirteenth day, the extract showed a rise upon boiling; and, 
upon dilution with dilute hay-infusion, the same sterility, 
towards the introduced bacteria, was noted after a few days. 
The humic acid was undoubtedly the cause of the phenomenon. 
It had been dissolved in normal soda, and the solution was 
added to the flaBk of medium, and was followed by the quantity 
of normal hydrochloric acid necessary to neutralise the soda. 
The humic acid remained largely dissolved, and acted as a soluble 
acid. In one test, that of the pink yeast on the thirteenth day, 
the acidity of the extract to phenolphthalein was « +0*5° by 
Fuller’s scale, that is the extract contained 0-fio.c. of normal 
acid per litre. The experiments suggest that, to be effective, the 
humic acid should be insoluble in water. 

Experiments with Humus. 

As the toxin-formation in soil must be related to the changes 
in the organic matter, an attempt was made to see in how far 
humus would be Useful in elucidating the problem. Rotted 
bamboo-gimss was sifted, partly dried, mixed and sifted again to 
obtain a uniform mould. Portions weighing 10 grama were put 
Into deep Petri-diahes, and sterilised by heating for two hours at 
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130". When cold, lOc.c of a suspension of Bac. T.P.2 were 
added to each portion. After various periods of incubation at 
18", a portion was transferred to a shaking bottle, treated with 
500 c.c. of distilled water, and shaken 50 times at lO-minute 
intervals for an hour. The suspension was then filtered through 
paper and porcelain, and the usual procedure followed. 

EXt'BKIMKNT xiv.n. 


Soil-organ! am 

Ban. '1 

r.p. 2 . 

Duration of tost . 1 

i 

3 days. 

0 days. 

Extract, boiled . i 

i 3,870 

210 

Extract, raw 

100 

100 

Extract, raw, 80% ..., 

, 30 

7» 

Extract, raw, 00% . 

13 

50 

Extract, raw, 40% . 

0 

21 

Extract, raw, 20% ... 

3 

4 

Water control 

1 

2 

Extract/water ratio.. 

150 

I 

52 


As the experiment did not seem to be going to give any useful 
information, the remaining portions were extracted with different 
quantities of water to test the influence of various strengths of 
extract. 

Kxhskiment xiv.b. 


Growth of Bar, proditfioxu* m extraota of leaf- 
mould infected witli Baa. T.P.2, and inoubated 
for II days at 18°. 


10-grani portion to water. 



500 o.o. 

Extraot, raw 

100 

Extraot, raw, 80% ... 

35 

Extract, raw, 00% ... 

5 

Water-oontrol 

23 

Extract/water ratio .. 

. 4 


300 o.o. 

100 o.o. 

100 

100 

240 

487 

278 

1,503 

3 

46 

3ft | 

2 


The results of Experiment xiv.a, are much the same as have 
been obtained in solutions, vis., a lessening of the nutritive and 
of the boiling effects, as the period of incubation proceeded. In 
Experiment xiv.b, we have the dilution-effect becoming more pro- 
nounoed as the water used in making the extract became less. 







158 CONTRIBUTIONS TO OUR KNOWLEDGE OF SOIL-FERTILITY, XVI., 

Portions of the air-dried mould containing 14 grams of dry 
matter were put into Petri-dishes and sterilised. They were 
infected with cultures of Bac. T.P.2, and of Actinomyces 10, and 
the moisture raised to 40%. The extracts were prepared by 
shaking each portion with 500 c.c of distilled water. 


Km'rrimrnt xv. 


Soil-organism 


Hoc. T.P.2. 


Actino. 10. 

Control. 

Duration of tost in days 

4 

0 

18 

24t 

10* 

18t 

241 

Extract, boiled 

44 

104 

119 

47 

71 

90 

138 

Extract, raw 

100 

100 

109 

100 

100 

100 

100 

Extract, raw, 80% 
Extract, raw, 00% 

840 

532 

270 

00 

292 

171 

119 

3,710 

1,880 

1,845 

54 

574 

208 

08 

Extract, raw, 40% 

9,500 

3,080 

0,637 

37 

1,038 

100 

57 

Extract, raw, 20% 

8,070 

2,500 

10,090 

17 

562 

5 

25 

Water-control 

47 

20 

153 | 

I 

2 

l 

1 

Kxtraot/water ratio .. 

2 

5 

0*0 

1,130 

44 

275 

400 

Reaction 

+ 00 

+ 0-0 

4 0*55 

i 0*3 

— 

+ 0*4 

+ 0*2 


* Growth of a green Penioillium at edge of dish, 
t Permeated with Peniciliium. 


The growth of the accidentally introduced Peniciliium resulted 
in a flattening of the dilution-curves, and in a diminution of the 
acidity. From this, it must be inferred that the acidity was 
chiefly responsible for the toxicity of the extracts. To test the 
matter, a further experiment was made with partially neutralised 
mould, and with neutralised extracts. 

Four-ounce glass bottles were used instead of Petri-dishes, and, 
into each, 18*2 grams of mould, containing 14 grams of dry 
matter, were introduced. They were sterilised at 130° for two 
hours, moistened with 3 c.c. of sterile water, and steamed for an 
hour. The steaming proved to be unnecessary, as portions of 
the heated soil proved to be sterile. One of the portions was 
infected with a Fusarium, another with a Bhizobium, a third 
served as a control, a fourth was treated with enough lime-water 
to neutralise the apparent acidity, and the last was subjected to 
the vapour of ammonia for a couple of hours. The moisture in 
theni all was brought to 40%. The extract of the raw mould 
was tjpund to be very acid, 1000 c.c. containing the equivalent of 
1 
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one c.c. of normal acid, using phenolphthalein as an indicator. 
The extracts were neutralised with sodium bicarbonate. The 
Fusarium, the Ithizobium, anc^the control-tests were incubated 
for five days at 22*. 



The point to be noted from this set of tests is, that the neu¬ 
tralisation of the acidity of the extract has converted the toxic 
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into a nutritive condition, not only in the raw extract, hut also 
in the 80% dilution. The numbers obtained in the extracts of 
the control and of the infected leaf-moulds are of the same order, 
and indicate that the toxic property is inherent in the sterilised 
medium. The suspicion is strengthened, that the toxins aro 
really acids developed during the sterilisation of the organic 
matter. It is evident that the treatment of the leaf-mould with 
lime-water or with ammonia was not sufficient to neutralise the 
excessive acidity of the humus, for the numbers show a position 
intermediate between the acid and the fully neutralised extracts. 

In a new set of tests, the sifted mould was treated with water 
to eliminate the sand with which it was mixed. It was then 
dried, and again sifted through a finer sieve to remove the bulk 
of the fine, light fibres. It contained moisture 10*2%, and ash 
43-8%, leaving 46% for the organic matter. Portions containing 
10 gramB of organic matter were put into 4-ounce tattles, and 
sterilised at 130 s for two hours. During the sterilisation, an 
odour of burnt sugar was noticeable. 

A portion of the sterilised leaf-mould was tested against a 
portion of the unsterilised for acidity. Each was shaken 300 
timek with 600c.c of water, and filtered. This was repeated a 
third time. The acidity of the filtrates was tested with N/100 
soda, using phenolphthalein as an indicator. The figures repre¬ 
sent the number of c.c. required to neutralise the 600 c.c. of the 
extract. 



mould, heated. 

mould, 
not heated. 

difference. 

1st 600 o.o. 

47*6 


400 

V7T* ■ / r 

16 25 


11*26 

3rd 600 o.o. 

10*0 


6*25 


The uurves of these numbers were plotted, and it was seen that 
the ourve of the heated mould would meet that of the unheated 
mould at the fifth 500 o.c., and that, at the fourth, there would 
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be a difference of 3 c.c. The total differences would, therefore, 
amount to 60 5 c.c. of N/100 acid for the total acidity developed 
during sterilisation and removable by waehvng with water. In 
terms of the organic matter of the mould, this means that 100 
grams during sterilisation developed an acidity equal to 6 a 05 c c. 
of normal acid, equivalent to 0*36% grams of acetic acid. 

A portion of the sterilised leaf-mould, containing 10 grains of 
organic matter, upon being gradually moistened with water, was 
found to form a fairly coherent ball when pressed in the hand 
after the addition of 1 6 c.c. of water to each portion. Accord¬ 
ingly, 15 c.c. of water containing 6 c.c of N/10 sodium bicar¬ 
bonate were added to each portion, which was thoroughly mixed 
and pressed down. Suspensions of the bacteria in 1 c.c. of water 
were subsequently added, mixed, and pressed. 

After an incubation of five days, extracts were made, and 
their effect upon the growth of Rae. prodigiosus noted. 


Kxpkrimknt xvii. 


Hull-organism 

! Bao. T.P.2, 

i 

Rhizutmim. | 

. ! 

None. 

Reaction of extract 

acid. 1 

f 

neutral. 

acid. 

i 

neutral. 

acid. 

neutral. 

Extract, lioiled 

106 

_ 

60 

_ 

152 


Extract, raw . 

100 

77,930 

100 

41,960 

100 

83,800 

Extract, raw, H0% 

182 

70,380 

281 

35,420 

10H 

89,310 

Extract, raw, 20% 

1,677 

4,300 

5,342 

12,740 

1,000 

0,050 

Water-control 

1,471 

— 

200 

— 

1,316 

— 

Kxtract/water ratio 

1 

0*07 


0*5 

— 

0*07 

— 


The numbers in the control and in the T.P.2 tests are virtu¬ 
ally the same, and evidently no growth of the bacillus had 
occurred. The numbers with Bhizobium are different, not only 
in the acid extract, but also after it had been neutralised with 
soda. The fact that Bhizobium can grow in the partially acid 
leaf-mould is a point worth noting. It is needless to discuss the 
possible formation of toxins with these leaf-moulds, and the re- 
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maining portions of the tests were discarded until further work 
had been done. 

The addition of tho bicarbonate of soda to the portions of leaf- 
mould did not neutralise the soluble acidity, for when the raw 
extracts were tested, it was found that the T.P.2 test had an 
acidity equal to +0 62* in the extract The control had + 0-63 n , 
and llhizobium +0*35°. It is, perhaps, to be expected that, in 
a substance like rotted leaf-mould, there will be a mixture of 
humic acids, some soluble in water, some partially soluble, and 
some insoluble in water. The humates are so complex that it 
was a mistake to consider that even all the water-soluble acid 
would have been obtained by water-extraction, unless the time- 
factor had been taken into account, and days instead of hours 
been occupied in the extraction. 

The necessity for having a neutral vegetable-mould was 
emphasised, especially in the last two tests, and some experiments 
were made with the object of getting a better idea of the true 
acidity. 


The Acidity of heated Leaf-mould. 

A number of portions of the leaf-mould, each weighing four 
grams, were bottled, and some were heated for two hours at 130°. 
A sterile and an untreated portion were repeatedly shaken up 
with a standard alkaline solution at intervals during the time 
of contact, and filtered. The filtrates were tested for residual 
alkalinity or, when neutral liquids were used, for acidity. 'I he 
numbers represent cubic centimetres of normal acid in, or derived 
from, 100 grams of the dry, organic matter of leaf-mould. 

Calcium bicarbonate .—Tbe acidity was first tested by the 
method of Hutchinson and MacLennan,* which consists in 
having the portions in contact with a solution of bicarbonate of 
calcium for a certain time, and subsequently determining the 
amount of lime that had been removed from solution 

Heated .93*3 

Control .91*7 


Jouro. Agrio. Sol., vii., 73. 
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Sodium bicarbonate. —Portions were moistened with 10 c.c. of 
alcohol, and treated with lOOc.c. of water containing 1 gram of 
bicarbonate of soda, for five days. 

Heated ... . 165 

Control . 121 

Other portions were moistened with 5c.c. of alcohol, and 
treated with 200c.c. of water containing 0*8 grams of bicarbonate. 

Heated .82*4 

Control ... .75*6 

Alcohol. —Portions were shaken up with 200 c.c. of neutral 
spirit and allowed to stand overnight. 

Heated.. .9*4 

Control . 4*0 

Water .—Portions were shaken up with 500 c.c. of water and 
allowed to stand overnight. 

Heated .241 

Control ... ... ... 9*2 

Lime-water —Portions were treated with 200 c.c. of N/21 
lime-water and allowed to stand overnight. 

Heated ... ... ... 383 

Control ... . 362 

The numbers obtained with lime-water were so high, that the 
experiment was repeated. The four grams of leaf-mould were 
shaken with 300 c.c. of approximately N/24 lime-water, and due 
allowance was made for the amounts removed in the portions of 
fluid abstracted. 

Normal alkali, in c.o., absorbed by 100 grams of dry organic 
matter. 


Days. 

i/« 

1 

2 

3 

4 

5 

7 

9 

Heated. 

340 

403 

4*23 

432 

442 

448 

450 

M2 

Control. 

355 

305 

410 

418 

420 

432 

440 

444 


This confirms the previous test in showing that a compara¬ 
tively large amount of lime is removed from solution, and that 









164 CONTRIBUTIONS TO OUR KNOWLEDGE OF SOIL-FERTILITY, xvi., 

more is absorbed by the sterilised than by the unsterilised mould. 
The organic matter has absorbed from 12 to 13% lime [CaO], and 
about 90% of the total was absorbed within two days. 

The difference in the amount of base absorbed from the 
hydrate, as against the bicarbonate, led to a test being made 
with bicarlxmate of magnesia. A quantity of freshly precipitated 
and washed carbonate was suspended in water, and a current of 
carbon dioxide was passed through for several hoprs The solu¬ 
tion was filtered, and 200 c.c were added to 4 grams of soil in 
stoppered bottles. The solution of bicarbonate of magnesia was 
approximately twelfth normal The bottles were shaken fre¬ 
quently, and the portions abstracted from day to day and boiled 
with an excess of N/20 sulphuric acid for ten minutes, and 
titrated with N/20 soda in presence of phenolphthalein. 

Magnesium bicarbonate'— Normal alkali, in c.c., absorbed by 
100 grams of dry organic matter. 


U»y». 

ft 


7 

10 

Heated . 

J 

j 99 

99 

105 

104 

Control .. 

J 89 

1 

89 

99 

99 


The numbers are closely akin to those obtained with calcium 
bicarbonate, and much under the tests with lime-water. 

Baryta-water .—The action of lime-water was controlled by a 
test made with baryta-water, in which 300 c.c. of approximately 
N/15 alkali were added to each 4-gram-portion of mould. 

Normal alkali, in c.c , absorbed by 100 grams of dry organic 
matter. 


Days. 

i ! 

■ 

2 

! 

* 

. 

1 , | 
i 

6 

7 

8 

9 

Heated... 

389 

408 

i 

419 

434 

442 

446 

448 

414 

Control ... 

365 

382 

391 

400 

405 

417 

418 

425 


These numbers run closely with those of the limo-water test 
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The Bet o£ experiments show that vegetable-mould, originally 
of an acid reaction, is made more acid by the action of heat, 
bucIi as by sterilisation for two hours at 130° The acid sub¬ 
stances are partly soluble in alcohol and in water. They consist 
of two kinds, one of which is capable of being neutralised by tbe 
bicarbonates of tbo alkaline earths. The other makes itself 
evident when in contact with the hydrates of the earths. The 
mould which was examined removed from four to five times more 
alkali from the hydrate than from the bicarbonate. 

At the close of the baryta-water experiment, the control-soil 
was rapidly filtered on the pump, washed with a small quantity 
of water, transferred back to the bottle and shaken with 300 c.c 
of water, and tested from time to time. 

3 hours ... . . 26*5 

1 day. .. 36 

2 days ... ... ... 36 

Of the 433 c.c. removed from 100 grams of dry, organic matter, 
36 were given up to water, and we may, therefore, consider the 
difference of roughly 400 c.c. as being in combination. 

The sterilised leaf-mould was also filtered and shaken with 200 
c.c. of twentieth-normal hydrochloric acid. This removed the 
following amounts of normal lime. 

3 hours . 328 

* 1 day.343 

2 days.343 

Deducting this from the total baryta absorbed, viz., 464 c.c, 
we have 120 c.c., which is close to the amount absorbed from the 
bicarbonates. It is evident that the kind of humic acid, which 
fixes the bulk of the lime from a solution of the hydrate, forms 
with it a feeble combination. This is destroyed by mineral acids 
but is not affected to any extent by water. The combination 
seems to be too definite in itB quantitative relations for a simple 
case of adsorption. 

From the experiments, it was concluded that the organic 
matter of the leaf-mould contained huraio acids, and r of these, 
about one-quarter were capable of decomposing the bicarbonates 
of the earths, while three-fourths were too weak to do this but 
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could combine with the earthy hydrates. Heating the mould 
increased the amount of acid, and the increase was largely soluble 
in water. 

Humus with Calcium Carbonate. 

According to the earlier lime-water test, in which 100 grams 
of dry organic matter absorbed 383 c.c. of N/l alkali from lime- 
water, it appeared that a neutralisation of the acids of the leaf- 
mould would be obtained by adding 2 grams of calcium carbonate 
tJTeach portion containing 10 grams of dry organic matter, and 
that neutralisation would be certain if 2*5 grams were added. 
A set of bottles were prepared, each receiving the equivalent of 
10 grams of dry organic matter, and 2*5 grams of calcium car¬ 
bonate as precipitated chalk. The bottles were sterilised for 
two hours at 130°, then moistened and stirred with 15 c.c. of 
water, and steamed for an hour. Subsequent tests showed that 
sterilisation had been complete, and that the extracts furnished 
by the tests were neutral to phenolphthalein. Sets were infected 
with certain micro-organisms and incubated at laboratory tem¬ 
peratures for varying times. It will be remem tiered that the 
organisms T.P.2 and Actino. 14 were chosen because they in¬ 
hibited the growth of spreading bacteria and moulds on agar- 
plates. A test made at the beginning of this experiment showed 
that T.P.2 had lost its toxic power, while Actino. 14 had not. 
Tn view of this, the bottles of T.P.2, which bad been infected, 
were incubated in an atmosphere of carbon dioxide, to see if 
this would have any influence in restoring the toxicity. Several 
of the portions, which were tested on the eighteenth day, were 
unfortunately destroyed. 
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A general glance over the results leads to the belief that no 
toxins are formed by the organisms. Tt may be that the excess 
of carbonate of lime has brought about a condition in which the 
preservation of the toxins is not possible. The outstanding 
feature of the experiment is the increased nutritive effect ob¬ 
tained with Penicilliurn vJadoRporioides. The ex tract/water 
ratio increased very rapidly, indicating that the mould had been 
actively attacking the organic matter and producing substances 
which stimulated the test-organism, Bas. prodigtom to an in¬ 
creased production. 

The amount of unuctcd-upon carbonate in the treated leaf- 
mould led to the belief that too much hud been added, and that 
an excess of carbonate was not desirable. 

Humus neutralism) with Limk-watkk. 

A quantity of sifted leaf-mould was soaked in lime-water for 
an hour, 5 litres of lime-water being used for every 500 grams of 
leaf-mould. A trial test showed that this proportion furnished 
a neutral extract, although, when the bulk was prepared, the 
extract of the mould was faintly acid. This was possibly caused 
by the subsequent sterilisation. At the end of an hour, the sus¬ 
pension was stirred and decanted on to a filter, and the organic 
matter washed, and at the same time separated from the heavier 
sand by repeating the procedure with water. The residual 
organic matter was dried, sifted, and bottled. 

At this stage, the mould contained moisture 40*42%, asli 
18*80%, and organic matter 40*48%, so that 24*5 grams contained 
10 grams of organic matter. This quantity was put up into a 
number of four-ounce bottles, which were heated for two hours 
at 130°. Most of the moisture was driven off by the heating. A 
test showed that the heated mould formed a coherent mass, upon 
being pressed in the hand, when a weighed portion contained 20 
grams of water, and this was accepted as being the quantity 
requisite for a full bacterial growth After the heating, the 
water was raised to 19c.c., the remaining 1 c.c. being left for 
the infecting suspension. The water was thoroughly incorpo¬ 
rated, and the bottles were steamed for an hour. Sets were 
infected with several micro-organisms and kept at room-temper¬ 
ature, 15*. 
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The behaviour of Pen. cladosportoutee was different in this ex¬ 
periment from that in the presence of an excess of chalk. It did 
not decompose the organic matter so quickly, but the rise in the 
dilution-curve was more pronounced, This suggested the idea 
that, if the nutritive effect could be kept down, the curve might 
be more accentuated Use was made of Rhizobiuin for growing 
with the Penicillium because, when the former was tested at the 
same time, viz., on the tenth day, the nutritive ratio was lower 
than either the latter or the control-test. The double growth 
kept down the ratio, but there was no elevation of the dilution- 
curve. The growing Penicillium brought about an alteration in 
the reaction of the extract. The reaction of the control-test 
seems to indicate, that the bacteria and moulds cause the medium 
to furnish acid extracts which, in time, may become alkaline. 

The effect of using different amounts of water in preparing the 
extract was shown in the case of the mould infected with Fusa- 
rium species. Two tests were extracted at the same time, one 
with 500 c.c., the other with 250 c.c. of water. The stronger 
extract gave the higher nutritive ratio, as 204:42, while the 
weaker solution showed a tendency to produce a rise in the 
dilution-curve. 

On the whole, the neutralised leaf-mould did not come up to 
expectations in serving as a suitable medium for the demonstra¬ 
tion of toxin-production by the selected micro-organisms. 

When an extract is diluted and subsequently sown with 
bacteria, it will give a count in proportion to the amount of 
dilution. But if the extract is acid, the dilution will be lees 
acid, and the count will not be in proportion, but will be more 
or less according to the effect of the change in the acidity upon 
the growing bacterium. It is difficult to say just what this 
difference from the normal would be, especially with such weakly 
acid extracts as in Expt. xix. The neutralisation of an extract 
so strongly acid as +1*0 is well seen in Expt. xvi., in which the 
dilution to one-fifth raised the count from 160 to 600-fold. A 
sot of experiments were made to obtain some definite informa¬ 
tion regarding the influence of slight variations in the reaction. 
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Thb Influence or Reaction upon Bacterial Growth. 

An extract of the same vegetable-mould as in Expt. xix. was 
prepared, and the acidity was determined in the following 
manner. Twenty-five c c were pipetted into a beaker, an equal 
volume of distilled water was added, and the beaker was covered. 
It was boiled for ten minutes to expel the carbon dioxide, and 
rapidly cooled. Three drops of phenolplithalein were added, and 
N/100 soda was run in until a difference in the tint was manifest. 
An end-point was not aimed at; just the difference in the tint 
from a yellowish to a faint brown. From the reading, 0*05c.c. 
was deducted as being necessary to produce the change of tint 
over the neutral point. For example, 25 c.c. of an extract gave 
a tint with 015 c.c. of N/100 soda. Deducting 0*05 c.c., the 
reading becomes 0*1 c.c. for the neutral point. With 0*4 c.c., 
the tint was a pronounced red, and the final deep purple was 
obtained with 0*9 c.c. The neutral quantity 0*1 c.c., when cal¬ 
culated to normal acid per litre, gives 0*04 c c., which, by Fuller’s 
scale, is represented by + 0*04. A good,, white light is required 
during the titration to observe the change of tint. The method 
appears to be correct, for when the extracts were neutralised by 
the findings of the method, they always gave the highest counts 
after incubation with the test-bacterium. 

After determining the reaction of the extract, quantities of 
100th normal lactic acid or bicarbonate of soda were added to 
10 c.c. portions of the extract, and sterile water to bring the 
volume up to 11 c.c. One c.c. of a suspension of ifoc. prodigioaus 
was added, and this brought the volume up to 12 c.c., upon which 
the quantities of acid and alkali, which were added, had been 
based. The bottles were incubated at 22° for 20 hours, when 
counts were made, and these were calculated in terms of the 
neutral extract. 



172 CONTRIBUTIONS TO OUR KNOWLEDGE OF SOIL-FERTILITY, XVi., 


Kxi*k«imrnt XX. 


Reaction of extract 

I*math of Hoc. pi'odiyioxnH, 20 hours at. 22 J . 

(Fuller's scale). 

a 

1> 

1 

c 

average. 

-0*3 

36 

43 

53 ’ 

50 

-0*2 

50 

07 

60 

60 

-0*1 

03 

71 

70 

78 

0*0 

UK) 

100 

100 

100 

+ 0*1 

m 

8H 

77 

83 

+ 0*2 

33 

44 

21 

33 

+ 0*3 

3 

, «» 

. 3 J 

3 


The numbers in the three tests are not uniform, but they serve 
* to show the probable variation that the effect of dilution has 
upon an acid or alkaline extract. For example, in the ten days’ 
test with Penxc. cladosp. (xix.), the numbers with 80% were 187, 
and with 20%, 38. The reaction curve passes through 86 for 
+ 0*1, 91 for +0*08, and 99 for +0 02. A slight calculation 
shows that the numt>ei‘S at the 80% dilution are higher by 6%, 
and at the 20% dilution higher by 15% than they should be on 
account of the reduction of the acidity by the mere dilution. In 
these weakly acid extracts, however, small differences such as 
these are negligeable, as the counts themselves are liable to 
greater fluctuations. 

A stage has been reached in the investigation at which it is 
made clear that bacteria and moulds do not produce toxins, or, 
if they do, the toxin is not capable of being demonstrated either 
in nutrient solutions or in vegetable-humus. Any resemblance 
to toxicity is probably caused by an alteration in the reaction of 
the medium, and, to such alterations of reaction, the test-organ¬ 
ism is very sensitive. 

The Growth of Amoeba. 

The attempt to obtain toxic substances among the byproducts 
of certain bacteria and moulds had not been so successful as had 
been wished; in fact, it had been decidedly unsatisfactory. 
Either the methods of producing the desired bodies were at fault, 
or the micro-organisms were not such as would give the desired 
results, although they had been selected as being the most likely 
to do so. It is known that bacteria can give out bacteriolytic 





BT R. GREIG-SMITH. 


173 


substances, as for example, Bac. pyocyaneu*, and moulds may be 
capable of doing the same. But these are not the only inhabit¬ 
ants of the soil. There are certain protozoa, and with the failure 
to obtain a decided and undoubted production from the bacteria 
and moulds, the attention was turned to the soil-fauna. 

With regard to the possible activity of the members of the 
soil-fauna in this direction, we are faced with the fact, that the 
introduction of certain species of protozoa, e.g. t the Amoeba and 
ColpodsB into sterile soils, does not bring about the condition that 
holds before sterilisation. The bacterial numbers, which become 
greatly increased as a result of the sterilisation, do not become 
reducod to the previous level when the protozoa are present. 
Tt is true that Goodey* has lately shown that the inhibiting 
factor, which determines the reduction of the bacterial numbers, 
becomes evident when the numbers of amoeba approach and 
exceed 60,000 per gram of dry soil, but, at the same time, he 
says that the sterilised or disinfected soils are not suitable media 
for the production of the factor. The treatment of thr soil with 
heat or with the volatile disinfectants so alters the soil, that it is 
not immediately suitable for developing the inhibiting factor, 
whatever it may be. 

I had considered the possibility of soil-amoeba being able to 
produce substances akin to the immune bodies of the animal 
pathologist, but, as experimental work failed to reveal any sign 
of toxic substances, and such immune bodies must be included 
in this category, I simply record the fact that such a possibility 
had been entertained, and that experiments with, and without, 
“vaccines” had been negative. 

Some difficulty was met with in obtaining a “pure” culture of 
soil-amoeba. Upon a former occasion, they had been cultivated 
in quantity in 1% hay-infusion, without any trouble, but, upon 
repeating the procedure, it wab found that the medium was not 
well adapted for the purpose. The single cells genet ally disap¬ 
peared overnight* The trouble was traced to the medium being 
too nutritive, thus permitting the accompanying bacteria to 
become too numerous and render the medium too alkaline. A 

^^Froo. HoyT^oo^ (B.610), p.297, 


13 
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hay-infusion, in which the bacteria had grown for some time, had 
changed from having a faint original acidity of +0*25 to an 
alkalinity of - 2*4. It was naturally assumed that the alka¬ 
linity developed overnight had been the cause of the disappear¬ 
ance of the amoeba, but, when either saccharose, lactose, lactic 
acid, humic acid, or sodium phosphate was added, the trouble 
still remained, although it was not so pronounced in the presence 
of humic acid. The addition of potassium nitrate, mono- or 
di-hydrogen phosphate, or ammonium phosphate to make a 0-05% 
solution with the hay-infusion, also resulted in the disappear¬ 
ance of the omcebce. It seemed at one time us if the smallest 
droplets gave the most satisfactory growths, that one amoeba in 
a small droplet had a better chance of growing than one cell in 
a large droplet, and it was concluded that the hay-infusion was 
too strong. It is a recognised rule, in growing animlm*, that a 
poor medium should be used in order to prevent the protozodn 
being overwhelmed with bacteria, but 1% hay-infusion is by no 
means considered to be a rich medium, especially when made 
from a rather poor sample of couch-grass. However, experiments 
showed that 0*2% hay-infusion was well adapted for growing 
amoeba in mass-culture, although it produced rather delicate 
forms in single-cel) work. One of my most successful starter- 
cultures was obtained by gradually adding 1% hay-infusion so 
that the bacteria were kept under as much as possible. An 
equally good starter was obtained by growing the cells in a 2% 
infusion of exhausted leaf-mould, the same as was used in some 
experiments about to be recorded. 

During this part of the investigation, the effect of adding 
sodium chloride to the hay-infusion was tested. In one instance, 
the addition of 0*2% was beneficial, while a larger quantity de¬ 
stroyed the amoeba. In another instance, the addition was 
injurious. A good culture-fluid was found in tap-water contain¬ 
ing 0*00% asparagin with 0*11% K 8 HP0 4 . Although two of 
the original five cells died overnight, the remaining three cells 
increased to 39 in another day. In view of this, an experiment 
was made in which the asparagin was replaced by chloride, 
sulphate or nitrate of ammonia, nitrate of potash and urea. A 



BY R. GRRKG-SBflTH. 


17ft 


number of amoeba were added to each droplet, and a trace of 
chalk. All the cultures did well, and, in course of time, the 
mobile forms encysted. The cells of the urea-test were vegetat¬ 
ing long after the others, and the amcfibee in the ammonium 
chloride test also persisted longer, and finally disappeared with¬ 
out forming cysts. 

A preliminary experiment was made with an extract of a 
partially exhausted leaf-mould, using a growth of amoeba derived 
from a single cell. Although the solutions were tested from 
time to time in the customary manner for the influence of boiling 
and dilution, no definite information wus obtained, and it was 
concluded that the culture-solution was too poor in nutrients to 
show or develop any signs of toxicity. 

Vegetable-mould neutralised with lime (p.168) was then used. 
Each test contained the equivalent of ten grams of dry organic 
matter with an amount of water sufficient to cause the soil to 
adhere loosely to the sides of the containing bottle. This meant 
73% of moisture. It was apparent from the results that the 
mould became too acid for the continued growth of the amaaba. 
Forty thousand were added to each bottle, and, in five days, they 
had increased to 1*6 millions, in twelve days they had decreased 
to 136,000 mobile forms, and, by the twentieth day, they all had 
encysted. While this was going on, the extract, originally 
neutral, became more and more acid, doubtless due to the carbon 
dioxide, produced by the activity of the bacteria introduced with 
the amoeba, reacting with the calcium humate, and liberating 
free humic acid. 

The test was repeated with similar results. On the sixth day, 
the amoeba had increased forty-four fold, and the reaction of the 
extract was - 0*04; on the thirteenth day, the amoeba had 
encysted, and the reaction was +0*1. The bacterial numbers 
gave no information. 

Better results were obtained with an infusion of hay made by 
diluting a 1% infusion with tap-water to make a 0*2% solution. 
Tests were made on the sixth, twentieth, and forty-second days, 
but, as the two latter gave somewhat normal dilution-curves^ 
they are not recorded. 
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Experiment xxi. 


Soil-protoxobn. 

Amtrlta Umax. 

Numbers corr 
for alkalini 

Extract, boiled 

576 

575 

Extract, raw . 

100 

100 

Kxtraot, raw, 80% 

387 

277 

Extract, raw, 50% 

002 

480 

Extraot, raw, 20% 

3,252 

1,205 

Water-control 

5,522 

1,821 

Bacteria added at start 

712 

204 

Extract/water ratio 

0 018 

— 

Reaction of extract ... 

- 0*38 

-0-0 


The figures are instructive, inasmuch as they show a consider¬ 
able reduction in the number of bacteria originally added. There 
was something in the solution which was strongly toxic iowaids 
the test-organism added to the extract. It is unfortunate that 
the extract was so alkaline, for this undoubtedly clouds the issue, 
but, even when an allowance is made for it, according to the 
information previously obtained with extract of vegetable mould 
(p.172), a strongly rising dilution-curve is still apparent. 

The alkalinity was determined by boiling 26 c.c. of the extract 
with 36 c.c. of distilled water and 1 c.c. of centinormal sulphuric 
acid for ten minutes, rapidly cooling the solution, adding 1 c.c. 
of centinormal soda, and titrating back until the tint became 
that of the control. Phenolphthalein was used as the indicator. 
It gave a true indication of the reaction in extracts of leaf-mould, 
but, as will be shown subsequently, it is not so good for solutions 
of hay-infusion. 

The experiments so far showed that some means must be 
adopted to eliminate the excessive alkalinity of the fermented 
cultures. On a previous occasion, humic acid bad been used, 
but, as it had been soluble, it had not served the desired purpose. 
On standing, however, a solution of the acid had precipitated, 
and this precipitate of insoluble humic acid was washed and 
used. The employment of soil for maintaining a neutral reaction 
was suggested by the fact that, when it iB put into hay-infusion 
and incubated, there is developed a mixed flora and fauna, the 
appearance of which is so healthy, that a pronounced acidity or 
glkalinity of the infusion is unlikely. 



B? R. GRSIG BMITH. 


177 


In one test, a small amount of sodium phosphate was added to 
the hay-infusion, but, from the appearance of the ammbtt, the 
salt seemed to have enhanced the alkaline effect, at any rate it 
favourod bacterial growth and rapidly destroyed the Amoebte. 

The neutralisation of the alkalinity with lactic acid proved to 
b© useless, for, in threo days, the culture was as alkaline as 
before the addition. 

The advantage to lie gained by using insoluble humic acid or 
soil was tested with solutions obtained by diluting a 1% infusion 
of bay with nine volumes of water, that is they contained one 
part of bay per thousand. 

Experiment xxii. 


Protozoon 

Anurlta Umax. 

Medium 

Hay-in fusion with 
humic acid. 1 

Hay-infusion with soil 


Test 

l 

2 ! 

8 

4 

5 

0 

7 

8 

Duration of tost m days 

10 

14 ; 

1 

24 , 

8 

I 12 

15 

22 

36 

Extract, Ixiilod 

63.5 

503 1 

869 ■ 

933 

1,740 

2,160 

037 

3,477 

Extract, raw 

100 

100 | 

100 

100 

100 

100 

100 

100 

Extract, raw, 80% 

107 

115 ! 

108 

117 

151 

106 

87 

122 

Extract, raw, 50% 

104 

182 i 

117 i 

160 

169 

818 

109 

190 

Kxtraot, raw, ‘20% 

89 

203 i 

129 1 

264 

451 

665 

156 

494 

Water-control 

53 

86 1 

137 ' 

302 

398 

1,036 

288 

332 

Bacteria added at start- 

0*6 

40 

20 

52 

188 

99 

42 

35 

Extract/water ratio ... 

1*8 

1*1 ! 

009 

O'33 

0*23 

0*1 

0*34 

0*3 

Keooticm of extract . 

4 0*0 

1- 0*021 

i 

-0*04 

10*02 

-0*02 

0*02 

005 

+003 


The tests were started with 500c.c. of 01% hay-infusion, either 
a small quantity of washed humic acid (about 0*03 gram) or 25 
grams of sterile soil and lOc.c. of an anuuba-culture. The latter 
represented from 30,000 to 50,000 mobile forms as estimated by 
the counts of later starter-cultures. The amoebte in the earlier 
periods were not counted, but they grew well, and a count made 
on the sixteenth day showed 10,000 per c.c. in the humic acid, 
and 5,600 in the soil test. On the twenty-fourth day, the flasks 
contained 6,600 and 3,600 per c.c. respectively. 

The results show a low reaction, and it was assumed that the 
fluids were approximately neutral. The humic acid tests do not 
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exhibit any pronounced degree of toxicity as judged by the effect 
of boiling, or dilution, or by the relation of the raw extract to 
the water-control. They are of the indefinite type which leads 
one to further experimenting in the hope of obtaining something 
more definite. 

In the soil-tests, we have a direct evidence of toxicity in the 
twelve days’ culture. The filtered extract was directly toxic, 
reducing the number of bacteria added at the start from 188 to 
100. The effect of boiling the extract for an hour under a con¬ 
denser, and of diluting the raw extract is also well shown in the 
increased nutritive effect. The toxic nature of the twelve days’ 
culture is confirmed by that of the fifteen days 1 , for, although the 
added bacteria are not decreased, they did not increase. 

A trial was made to see if humus, such as vegetable-mould, 
would be useful for maintaining an approximate neutrality. 
Four grams of lime-treated mould were tried against 50 grams 
of sterile soil. In fourteen days, the humus test showed a reac¬ 
tion of -0*4, and the Boil - 0*03. Humus was therefore useless 
for the purpose. There was no evidence of toxicity in the 
extracts. 

While dilute lmy-infusion has been found to bo very good for 
growing the amoeba*, and for obtaining evidence of toxin-forma¬ 
tion, it seemed advisable to soe if a simple nutrient would be as 
good. The preliminary tests in the cultivation of the amcrbie 
had shown that they grew well in urea and ammonium chloride 
and, with these, calcium nitrate was included as a nutrient, 
which would probably not produce an alteration in the reaction 
of the culture-medium. Solutions of urea, 0*02%, ammonium 
chloride, 0*036%, and calcium nitrate, 0*056% in tap-water, were 
prepared. These contained equivalent quantities of nitrogen. 
To 500 c.c. of these solutions, 00 grams of soil and 35 c.c. of an 
amcsba-culture containing 75,000 mobile forms were added. 
Unfortunately the amoebae did not increase in numbers and were 
rarely more than 330 per c.c. Extracts were prepared on the 
seventeenth day when all hope of their increase had been given 
up. The extracts had the following reactions, urea, -1*36, 
ammonium chloride, +0*24, and calcium nitrate, +0*04. There 



BY R. GRBlG-SMlTfl. 


179 


was no evidence of toxicity other than could be accounted for 
by the reaction. The experiment did not indicate that any of 
these chemicals would be of any value in the research. 

Tub Influence of Aeration. 

With the idea of determining the influence of aeration upon 
the production of toxin, a quantity of dilute (0*2%) hay-infusion 
was infected with a culture of araeebee, 50 grams of soil were 
added, and the bottle containing the test was attached to an 
aspirator, which caused a few bubbles of air to pass through the 
liquid every few minutes. A control-bottle was allowed to stand 
in the laboratory. They were ordinary litre bottles, and the 500 
c.c. of infusion was 2| inches deep. Portions of the fermented 
liquids were filtered through porcelain on the fifth day, and 
again on the eighth day, with the following results. 

Em'Kkiment xxiii. 


Trait met it 

Aerated. 

Not aerated. 

Duration of tent in day« 

5 

8 

A 

8 

Extract, boiled 

33 

122 

1,690 

0,550 

Kxtract., raw 

100 

100 

100 

100 

Extract, raw, 80% 

113 

120 

102 

137 

Extract, raw, 50% 

117 

144 

100 

429 

Extract, raw, 20% 

108 

830 

220 

000 

Water-control ... 

74 

242 

152 

574 

Added at start ... 

17 

21 

38 

40 

Extnwt/water ratio 

1*3 

0*4 

0*0 

0.2 

Reaction 

10*2 

+0*00 

-0*00 

-0-02 


The solutions were twice the strength of those of Experiment 
xxii., but whether this accounted for a slow growth of ameshse in 
the non-aerated test or not, cannot be said. None were seen on 
the fifth day, 330 on the eighth, and 2,300 per c*c. on the 
twelfth. In the aerated test, the amoebae grew well; 3,000 were 
noted on the fifth, and 9,300 per c.c. on the seventh day. Aera¬ 
tion induced an acid, and its absence an alkaline reaction. The 
acidity was so high on the fifth day that, on the sixth, the aera¬ 
tion was stopped. This appeared to have bad an effect upon the 
dilution-curve. 
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The greater growth of amoeba and the smaller probability of 
the production of a toxic effect in aerated cultures raised the 
idea that, like yeast-cells, the reproductive may be inversely 
proportional to the physiological activity. Ho another experi¬ 
ment was started, and, as a variation, a flask was included 
which was infected with a culture of bacteria only, derived from 
a pro tozoon-free droplet of a starter. The extracts were tested 
on the sixth day. 

Experiment xxtv. 


Micro-organism 

Avurfxi firnax. 

Bacteria only. 

Method 

Aerated. 

Not aerated. 

Not a&rated. 

Extract, boiled 

1,108 

2,039 

3,463 

Extract, raw . 

100 

100 

100 

Extract, raw, 80% 

73 

109 

106 

Extract, raw, 50% 

m 

123 

87 

Extract, raw, 20% 

m 

199 

200 

Water-control . 

87 

100 

78 

Adder] at start... 

15 

17*5 

137 

Extract/water ratio 

115 

ro 

1*27 

Reaction 

M)*04 

-oas 

+0 


The numbers bear out the contention that, if toxicity is to be 
obtained, it will not be as the result of aeration. The reaction 
went on as in the previous case, aeration producing acidity, and 
no aeration, alkalinity in hay-infusion. The examination of the 
culture-fluids showed that the amoelw had begun to encyst in the 
aerated, and that 1,000 mobile forms per c.c. were in the other. 

A further test was made upon the same lines; as a variation, 
a deep layer of fluid was used without aeration in order to accent¬ 
uate the conditions. The method at this time had been to use 
700 c.c. of fluid contained in a bottle of about 1,200 c.c. capacity, 
and, in this, the fluid had a depth of 9 cm. In the deep test, 
1,700 o.c. were used, and in an ordinary winchester this had a 
depth of 16 cm. In the latter, the amoebic grew slowly, the first 
indication being obtained on the thirteenth day, when 330 per 
c.c. were noted. On the seventeenth, they had risen to 1,000. 
The aerated test showed 5,300 on the fourth, and, without 
aeration, the first evidence, 330 per c.c., was obtained on the 
eleventh day. 
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Taking the figures as a whole, there is not sufficient difference 
l)©tween them to justify the consideration that any toxin had 
been produced by the amoebae, for rises in the dilution-curve are 
obtained in their absence. Tn view of later experience, the rises 
might well have l>een caused by the reaction of the culture-fluid. 

About this time, it became evident that the method of de¬ 
termining the reaction by the use of phenolphthalein, as the 
indicator, might be faulty when hay-infusion was used, and that 
results based upon the reaction of a medium such as extract of 
vegetable-mould did not hold for another medium, such as hay- 
infusion. The method had been to add a few drops of phenol¬ 
phthalein to a portion of the extract, and boil for ten minutes. 
If the solution became purple, another portion was boiled with 
acid, and titrated back. If it only became slightly reddened or 
tinted, it was titrated without boiling with acid. When inethyl- 
orange was employed as the indicator, the reaction-numbers were 
much higher. 

It became necessary to examine the influence of various 
strengths of hay-infusion, as a direct toxic action had been found 
in a 01% solution,"and had not again been obtained in 0 2% solu¬ 
tions. The bottles received 700 c.c. of infusion, 60 grams of 
sterile soil, and 20 cc. of a starter containing 112,000 mobile 
amoebae. 


Experiment xxvi. 


Strength of infusion ... 

0-08%. 

0*1%. 

O'2%. 

Duration of test 

5 

8 

7 

10 

7 

10 

17 

Extract, boiled 

fill) 

135 

7*29 

353 

1,016 

2,038 

1,0*28 

„ raw... 

100 

100 

10U 

TOl 

100 

100 

100 

„ „ 80% 


111 

94 

219 

98 

423 

111 

• 1 »» 50 A 

377 

118 

174 

216 

143 

580 

107 

„ „ ...j 

lf>0 

69 

298 

28 

M3 

136 

250 

Water-oontrol 

122 

61 

219 

86 

400 

154 

181 

Added at start 

16 

8 

28 

11 

51 

20 

28 

Reaot’n, phenolphthalein 

-0*02 

-0*03 

-0 02 

-002 

-0*02 

-005 

-0*06 

,, methyl-orange.. 

- 0*52 

-0*23 

-0*32 

-0*30 

-0*52 

-0*30 

- 0*52 

Extraot/water ratio ... 

0*8 

1*6 

0*5 | 

P! 

0*2 

0*6 

0*5 

Amoebae per o.o. 

500 

1,000 

las 



mi 

| 
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There was no direct toxic effect in any of the tests, and, so 
far as the possibility of obtaining such by using different 
strengths of infusion Are concerned, the strongest appears the 
most likely. The ten-days’ extract of the 0*2% solution gave more 
favourable numbers than any of the others. In this, the anuebie 
were the most numerous. 

A further test with 0*1% hay infusion was made, but in it the 
atncebffi did not grow quite so well as on the former occasion 
when the direct toxic action was obtained The counts showed 
830 per c.c. on the seventh, and 1,000 on the eighth day. No 
evidences of toxicity wore obtained on the eighth or twenty-first 
days, and it must be concluded, that a definite toxicity cannot 
be demonstrated by growing bacteria or amoebie in the usual 
culture-fluids. 


Thk Influence of Reaction. 

Much has yet to be found out regarding the influence of re¬ 
action upon Imcterial growth, and the reason for the rise in the 
dilution-curves of the extracts. As the infusions and culture- 
solutions are generally made with tap-water to supply a small 
quantity of saline matter accepted as being necessary for the 
growth of micro-orgauisms, a beginning was made with it. Tap 
water is known to be alkaline, but the extent of the influence of 
its faint alkalinity is not known. The nutrients were increased 
by preparing infusions of hay, and these were made sufficiently 
weak to enable useful counts to be obtained. A 1% infusion of 
hay was diluted with 99 parts of porcelain-filtered, distilled and 
tap-water, thus obviating heat-effects. Portions were treated 
with lactic acid and with ammonia so as to bring up tho final 
volume to a definite reaction, and sown with a definite number 
of cells of Bac t prodiyiosus. They were incubated at 22* for 20 
hours, and counted. In tabulating the results, the highest 
counts were taken as 100. 
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Exi’Krimkkt xxvii. 


Reaction. ! 

Distilled watei. 

Tap-water. 

{■ 0*3 

11 

Itt 

+ 0*2 

18 

29 

HO ‘1 

44 

too 

H 005 

59 

— 

00 

100 

5 

oiw 

44 

— 

- 0*1 

28 

0*1 

0*2 

7 

005 

-03 

00 

002 

Reaction of the untreated diluted infusion 
to methyl-orange 

+ 0*0 

0*20 

To phenolphthalein, direct 

— 

- 0*03 

To phenolphthalein, indirect 

— 

-014 


The distilled water test shows that the bacteria grow best in 
a neutral solution, and the tap-water test that neutrality is ob¬ 
tained when approximately +01* of acid has been added. The 
curves of these num tiers are steep on both sides of the approxi¬ 
mately neutral line, indicating that a slight difference in the 
reaction of an extract will make a great difference in the growth- 
numbers. Ah it is impossible to obtain a neutral reaction in the 
cultivated extracts, it would be necessary to neutralise them 
before dilution in such tests as have been made. It is not clear 
how this could be done, for, in the solution under examination, 
the bacteria showed (M* of alkalinity, methyl-orange showed 0'2*, 
phenolphthalein by direct titration after boiling, 0 03*, and by 
indirect or back titration, 0*14*. 

The experiment would be incomplete without the inclusion of 
others showing the influence of diluting distilled and tap-water 
infusions with distilled water, as is customary. 
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KXMCaiMENT xxviii. 



Huddled water. 

Tap-water. 




Raw 

Boiled. 


a 

b 

A 

b 

Solution, boiled . 

26 

_ 

1,020 

181 

,, uni Killed 

100 

100 

100 

100 

H0% 

75 

K6 

140 

234 

„ 50% 

— 

42 

1,100 

207 

„ ‘20% 

27 

18 

2,880 

182 

Distilled 'water-control 

2 

3*5 

268 

32 

Added at Htart 

0 4 

2 

.*) 

20 

Solution/water-ratio 

47 

» 28 

0*4 

2*5 

Reaction to nicthyl-oi angu 

0 

1 - 0 

0*16 

-024 

Reaction to phenolphthalein, diroot 

- 0 

1 -0 

- OUR 

-0*11 

Reaction to phenolphthalein, mdirec 

-0 

1 

-016 

-0*24 

The boiled tap-water infusion, ** b 

1 was boiled three times 


upon successive days, as is usual in preparing such culture- 
media. Tests “a” were made eleven days before tests “ b '* By 
an accident, the “b M tests were incubated at 26° instead of 22* 
as in “ a/’ and this should be borne in mind when considering 
the increase of the unboiled numbers over the start. 

The distilled-water numbers are considered to be normal, for 
they show a gradual fall as the nutrients Are weakened by dilu¬ 
tion with water. The tap-water curves rise as the alkalinity is 
weakened. The numbers of the raw tap-water test indicate 
that, after all due allowances are made, it is of a toxic nature, 
which is probably not entirely traceable to the alkalinity. The 
numbers of the boiled-water test are not so pronounced, and are 
much the same as have been obtained in previous experiments 
with bacterial and protozotin cultures. Tt should, however, not 
be forgotten that many of these gave normal curves. 

A set of experiments were started when it had become evident 
that, in all probability, the reaction had more to do with the 
symptoms of toxic effect than anything else. In the endeavour 
to get round any individual action of the bacteria, flasks of 
dilute (0*1%) hay-infusion, made with distilled water to avoid 
the action of tap-water, were seeded with an amcrtub-culture, and 
with a bacterial culture derived originally from a protozoa-free 
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droplet of soil-suspension. The latter were thus controls. The 
amoeba-cultures were twice seeded with amoeba, once, at the 
start, and again on the second day, as the first seeding did not 
seem to havo been successful. They grew slowly at 18", and 
exhibited a twenty fold increase on the tenth day, and a fifteen 
and ten-fold increase on the thirteenth day with the humic acid 
and humic acid + soil respectively. They were tested on the 
fourteenth day. 

EwKKiMjavr xxix. 


1 

j Huniio acid. 

Humic acid t-soil. 


Ann elite. 

No 

aimebie. 

Annebje. 

i No 
i anuchfc. 

Extract, raw 

MX' 

10t) i 

100 

1 100 


m | 

125 

184 

183 

Water-control 

133 , 

82 

1)8 | 

88 

Added at Htart 

id 

10 

11 

10 

Kxtiact neutralised with lactic acid 

104 I 

127 

11)8 

243 

Ex tract/water - ratio 

073 1 

l 2 

10 ! 

11 

Reaction to methyl-orange 

! - 0’lfl ! 

1 i 

-0*28 

-0-21 j 

-0-28 


The addition of soil to the culture-fluids had no influence, one 
way or the other, in increasing or decreasing the numbers, and 
its use appears to be of no value. The experiment shows pretty 
clearly that any toxic effect is not caused by the amoeba, but 
rather by the bacteria which always accompany the protoxoa. 
It is doubtful if the alkalinity, as indicated by methyl-orange, is 
a true index, but, if accepted as true, the neutralised solutions 
were certainly more nutritive than the unneutralised, for the 
nnmbers were higher. With a better indicator, a lower reaction 
might have been obtained and higher numbers furnished in the 
neutralised tests. At any rate, it is pretty safe to conclude, that 
the rise in numbers upon dilution is largely, if not entirely, due 
to the lessening of the alkalinity of the Altered extracts. 

Reaction-Experiments. 

The reaction of the soil-extract is never constant, but varies 
from day to day, probably within certain limits. For example, 
an extract was made on November 30th, 1917, by taking *300 
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grams of garden-soil and 300 c c. of distilled water. The two 
were shaken 300 times duriug an hour, and filtered. The re¬ 
action to methyl-orange was - 014, although a pnsU» of the soil 
was acid to litmus. 

A similar extract, made on December 0th, had a reaction to 
methyl orange of - 0*24. This extract was examined, with the 
following results. 


EU’KRtMKNT xxx. 


Soil-extract, 1 toiled 


»* 

It 

»> 

tl 


raw 
.. H0% 

m 

.. 20 % 


Water-control , 
Added at start 
Kxtroct/water ratio 


21 

100 

100 

04 

12 

0*5 

07 

200 


Quantities of lactic acid and of carbonate of soda were added 
to vary the reaction, and the treated extracts were seeded with 
the test-organism in the usual maimer. The following numbers 
were obtained after the usual 20 hours’ incubation at 22 u 


Kxi’kkimknt XXXI. 


Acid or alkali added. 

Net reaction. 

Bacterial growth. 

t0*4 

4 0-10 

rr> 

+0*3 

^•oo • 

0*3 

+0*2 

-0*04 

17 

4 0*1 

-0*14 

49 

+0DTi 

-0*19 

100 

00 

- 0*24 

81 

-005 

-0*29 

31 

-0*1 

- 0*34 1 

15 

-0*2 

- 0’44 

1*3 


The true neutral point was reached by adding 0 06* of acid, 
that is to say, the methyl-orange indication was -0*19 in excess. 

The effect of shaking up various quantities of soil and water 
was tested, to see the differences in the reaotion of the extracts. 
Bound numbers were taken, but, as the solid contained 8% of 
moisture, a correction was made. 
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1 :2 
1 : 2*90 

-O'12 
-0-008 

Curves of these numbers show that the reaction of the soi 
water, equivalent to a ratio of 1 : 0*087 for the dry soil to 8% < 
moisture, would be between -0*4 and -0*6 for metliyl-orangi 
and about -0*09 for phenolphthalein; yet the soil was acid t 
litmus. 

The reaction to phenolphthalein was examined nomewht 
closely, after the suspicion was raised that the reaction of tli 
solution had more to do with the phenomenon of toxic actio 
than had been supposed to exist. It was found to be untrus 
worthy, as much depended upon the rate at which the solutioi 
were boiled, previously to cooling and titration For ex&mpli 


covered beakers containing 50 c.c. of tap-water 
slowly and rapidly, cooled and titrated. 

were boile 

Duration in minutes ... 

i 10 

! 

20 

30 

Slow boiling ... 

-0 022 

-0*048 

-0071 

Rapid boiling .. 

-0-078 

-0*105 

-0*118 


Much, therefore, depends upon the method and time of ladling 
in expelling the carbon dioxide. In the tests previously recorded, 
the extracts were boiled in an open beaker for ten minutes at a 
speed intermediate between slow and rapid boiling. They pro¬ 
bably do not indicate the true alkalinity, but, for that part, it 
has been shown that the same would have occurred by using 
methyl-orange. 

A twenty-one-days’ culture of bacteria and amoebae was filtered, 
and the extract treated with lactic acid in decreasing quantities, 
seeded with the test-organism, incubated and counted. It had 
a reaction to methyl-orange of and to phenolphthalein, 

direct, of - 0*04°, 


Proportion of soil to water, round numbers 
Proportion of soil to water, calculated for dry| 
soil... 


Reaction to methyl-orange 
Reaction to phenolphthalein, direct 


2: 1 

1 : l 

J : 0*63 

1:117 

—0*24 

-0*18 

-0*044 

i 

-0*016 
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Rxpkaimknt xxxii. 


! 

tactic acid added. | 

Net reaction. 

1 

Baoterial counts. 

0*311 

+ 0*15 

1 ' 

8 

0 2V 

+ 0*10 

19 

0*21 

f-0 03 

41 

0 16 

0 0 

40 

0 11 

- 0 05 

40 

006 

-0 10 

100 

00 

-0 10 

53 


The experiment shows that, in the ease of afeimentcd culture- 
fluid, the lessening of the alkalinity by 0*06° produced neutrality. 
The methyl-orange indication was -0*10* too high. A high 
indication was also obtained with soil-extract in Experiment 
xxxi., and with tap-water in Experiment xxvii. 

The acidity of the extracts of stenlised vegetable-moulds (Ex. 
peri men ts xv , xvi.) led to an examination being made of the 
extracts of soil which had been sterilised in the same manner, 
viz., for two hours at 130°. 

Two hundred gram-portions were put into sterile bottles with 
10 c c. of a suspension of Amoeba Umax , containing 10,660 mobile 
forms per c c., and 40 c.c. of water. The soil thus had an ex¬ 
cessive amount of moisture, 20%; it usually contains from 8 to 
10%. The bottles were kept at laboratory-temperature, which 
varied from 18-23*. 

Extracts were made in the usual manner by adding 200 c.c. of 
distilled water, shaking frequently during an hour, and filtering 
through porcelain. The extracts were seeded with Bae . pro - 
digiotu*, incubated and counted. 

Kxpchimknt xxxiii 


Duration of teat i« daye ... 

a 

i 

j 

t 53 

! 

1 

Extract, raw 

100 

100 

Extract, raw, 00% 

240 

48 

Water-control ... 

1 

1'2 

Added at start ... 

0*16 

0*14 

Extract/water ratio 

110 

163 

Reaction to methyl-orange 

+oa 

-0*8 


U 
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The point to be noted is the change in the reaction of the ex¬ 
tracts It changed from being comparatively strongly acid on 
the third day, to strongly alkaline on the fifty-third. When the 
extract of the latter was treated with lactic acid to neutralise 
the apparent alkalinity, the number obtained was 0*07 as against 
100 for the non-neutralised extract; that is, for every seven 
bacteria in the neutralised, there were 14,000 in the alkaline 
extract. The acid had clearly been added in excess, the - 0*8* 
being far from a true indication. 

This confirms the result obtained in another place, that the 
reaction of a soil extract, as judged by methyl-orange, is not the 
true reaction. Mobile amoebte were seen in the soil on the fifty- 
third day. 

Conclusion ,—It has been shown that certain soil-bacteria, 
moulds, and amoeba, all reasonably supposed to be capable of 
furnishing substances of a toxic nature, were grown in various 
media and under varying conditions; and, in all cases, the signs 
of toxicity which became manifest could be attributed to an 
Alteration in the reaction of the media. 

The test-organism, Bac. prodigiosus , grows best in a neutral 
medium, and an indicator is required which will indicate strict 
neutrality. The methyl-orange numbers are too high, and tho 
phenolphthalein too low. Small divergences from the neutral 
point strongly affect the growth. 

The humus of leaf-mould contains two types of humic acid; 
one absorbs alkali from alkaline carbonates, and the other from 
alkaline carbonates and hydrates. These were present to the 
extent of one part of the former to three of the latter. Heating 
the humus increases the amount of acid, and the increase is 
largely soluble in water. 

The effect of reaction is quite of a different order from the 
evidence of toxic action obtained in former researches. 

1 am indebted to Mr. W. W. L’Estrange for kind assistance 
during the later stages of the work. 
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ON CERTAIN SHOOT-BEARING TUMOURS OF EUCA- 
LYPTS AND ANGOPHORAS, AND THEIR MODI¬ 
FYING INFLUENCE ON THE GROWTH-HABIT OF 
THE PLANTS. 

By J. J. Fletcher and C. T. Musson. 

(Plates iv.-xxvi.) 

The Eucalypts, representing about 230 recognised species, 
contribute one of tbe dominant, phanerogamic elements to the 
Australian flora. They are an assemblage of plants remarkable 
in many ways, widely distributed over an entire continent, ex¬ 
tending also to the circumjacent islands; and now acclimatised 
to some extent in other countries. One of the astonishing 
things about them is the liability of the seedlings of so many 
species to shoot-bearing galls or tumours of an uncommon type. 

Their specially distinctive characters result from a fortuitous 
combination of some simple, natural, and favouring conditions 
present in quite young seedlings. Firstly, they originate in the 
axils of the cotyledons only, or, in addition, in a few pairs of leaf- 
axils successively above these, where the buds are, as paired but 
at first independent, proliferating outgrowths of cambium-tissue; 
and, as a rule, the outgrowths, or the axillary stem-nodules, as 
we may call them at this stage, succeed in taking possession of 
the dormant buds, and incorporating them in the stem-nodules. 
This is how the latter, as well as the composite tumours to which 
they may give rise, come to have buds or shoots. 

Secondly, the young seedlings usually have opposite and 
distichous leaves; and, correspondingly, the stem-nodules are 
also opposite and distichous; but as, under favourable conditions, 
the latter grow faster than the stem thickens, tbe paired nodules 
meet and fuse, and the fusions then encircle the stem. 

Thirdly, as a rule, the first and second internodes do not length 
too much or too soon to permit of the concrescence of the fused 
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pairs, giving rise to composite, shoot-bearing, stem-encircling 
tumours. The third and succeeding internodes are more vari¬ 
able, but often permit of the addition of a fourth and a fifth 
pair of fused nodules to the concrescence of the first three pairs. 
More tl an five pairs, if developed, are apt to be left isolated, and 
are only of minor or of no importance. Three to five pairs are 
the really effective and important ones. 

Fourthly, the hypocotyl is not too long, so that, as the com¬ 
posite, stem-encircling tumour increases in size, and grows down¬ 
wards, it is able to tamper with as much of the root-system as it 
encounters, encircling and fusing with the upper portion of the 
tap-root, and the proximal portions of any lateral roots that come 
in its way, intercepting more or less of the water they may 
contain, at the expense of the seed ling-stem, and to the ad¬ 
vantage of the tumour and its inhabitants. In this stage, they 
are composite, stem-encircling, shoot-bearing, root-incoipoiating 
[but not root emitting] tumours. 

The stem-nodules of seedlings of refractory species, or of re 
fractory individuals of any species, may not get beyond the first 
stage. In such caseB, the proliferation slows down, and the 
axillary stem-nodules come to a standstill. A mild attack has 
run its course without accomplishing anything of importance, or 
interfering with the growth-habit of the seedlings. 

Seedlings of susceptible species, from accidental or other 
causes, may not get beyond the second stage, through the com¬ 
posite, encircling tumours failing to incorporate roots, in such 
oases, the composite tumours may last for some time, but not as 
long as those which can complete the third stage. 

In the Non-Mallee Kucalypts, the last stage may last for some 
years, until the plants are getting ready to enter on the young 
sapling stage, but not indefinitely. In the Mallees, however, it 
may persist throughout life, and the tumours may attain an 
enormous size. But the distinction between the two groups of 
Euealypts does not correspond to inherent differences in their 
tumours, as such; but to differences in the kind of roots incor¬ 
porated in the two cases. In other words, the Non-Mallees have 
ordinary roots; the Mallees have water-storing roots. 
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In all three stages, the buds may remain dormant, or they 
may develop shoots, according to circumstances* In the first 
case, an appropriate stimulus will readily cause shoots to develop. 
Anomalies, eccentricities, and examples of erratic behaviour are 
common, and very instructive* 

Tn addition to the axillary strm-nodules, unpaired, not de¬ 
finitely localised nodules sometimes develop at a lower level than 
the cotyledons, either on the hypoeotyl or on the taproot, of some 
seedlings. These are very suggestive of wound-infection, and 
are sometimes obviously pathological. This is particularly the 
case in most seedlings of two of the Blood woods, in which very 
extensive root-invasion may take place. 

Tn all these cases, we can find no escape from the conclusion, 
that the exciting cause of the nodules is attributable to parasitic 
soil-organisms, probably of the same species, finding vulnerable 
points for attack under Blightly different conditions, and causing 
the cambium-tissue to proliferate and grow outwards. The 
nodules are not caused by insects, or other visible parasites. They 
are outgrowths of proliferating tissue, and not natural growths. 
They may be a nuisance to the plants, and may temporarily or 
permanently interfere with the natural growth-habit. More¬ 
over, if possible, when opportunity offers, they are brought to a 
standstill. 

The root-nodules of four young seedlings, of which three are 
figured, in every case have incorporated the basal portion of a 
young root. They suggest analogy to what Beyorinck has ob¬ 
served in studying the root-nodules of Leguminosse—“'Jhe 
splitting of the primary bark for the emission of the side-roots is 
the special means of entrance of Ji. radxcicola ” [Erwin Smith, 
“ Bacterial Diseases,” ii., p,103J. 

The vulnerability of the axils may be due to a weak spot 
which arises in connection with the differentiation of the buds, 
or which is exposed about the base of the petioles when the 
yoang leaves expand. Until serial, transverse, and supeificia), 
longitudinal sections through the axillary region of series of' 
seedlings have been studied, it is useless to speculate further. 

In the belief that soil-organisms are responsible for the problem 
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we are interested in, we began a search for records of similar or 
analogous cases. 

Dr. F. Erwin Smith, in the second volume of his important 
treatise on “ Bacteria in relation to Plant Diseases ”(1911), dis¬ 
cusses, in detail, wound-infections (p.51), and also infections 
through natural openings, grouped as nectarial, waterpore-, 
stomata), and lenticellate infections But we failed to find any 
reference to axillary infections. As we came to know later, 
axillary infections had not then come under the author's notice. 

It was with great interest that we unexpectedly met with a 
paper by Mr Clayton 0. Smith, of California, in which he not 
only mentions the possibility of axillary infection in the axils of 
the cotyledons, in stone-fruits, but he gives particulars about the 
axillary nodules of some Eucalypt seedlings which came under 
his notice. 'We quote all that the author has to say about these, 
and about cognate matters, for three reasons. The paper is not 
contained in the Society's library, and we know of only one copy 
of it in Sydney. It contains the first satisfactory record known 
to us of the realisation of the fact, that the stem-nodules are 
axillary; as well as the only records, that we know of, of the 
successful inoculation of Australian plants, including Eucalypts, 
from cultures of soil-organisms. It is also of interest to note 
what an experienced plant-pathologist thought of the stem- 
nodules. Mr. Clayton Smith does not mention the fusion of the 
axillary knots, or that they had shoots, or that they incorporated 
roots. tereticorn\$ is the only species mentioned, and seed¬ 
lings of this species are sometimes more or less refractory. It 
may be, therefore, that with only limited material available, and 
without Australian experience of Eucalypts to guide him, he 
may have unknowingly experimented with seedlings that were 
not as satisfactory for the purpose as otherB might have been. 

“ Further Proof of the CauBe and Infectiousness of Crown 
Gall.' By Clayton O. Smith. Univ. Cal. Publications, College 
of Agric., Agric. Experim. Station Bulletin No.235 (Dec. 1913). 

“Bacterial Mature of [the] Disease" (p.634)*—There is now 
abundant proof, that these knots [Crown-Gall on the 30 Hosts 
enumerated] are caused by a bacterial organism that enters the 
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tissue through some injury, or possibly at the point where the 
cotyledons of such seeds as those of the stone fruits are attached 
to the young plant In Eucalyptus seedlings, the natural knots 
often appear opposite each other where the cotyledons have pre¬ 
viously been attached, also the quince knots appear first at the 
node al>out the old leaf-scar. All the evidence we have, goes to 
show that some injury or weakness is necessary for infection to 
take place/ 1 

[Legend of Text fig.21, p.549J.~ “Artificially caused galls on 
forest red guin [Kvcalyptus tereticomi#]. Crown Qall has not 
been known to attack the various species of Eucalyptus in nature. 
The significance of swellings found frequently at the crown of 
young guru trees is not yet understood. They do not appear to 
1x3 detrimental to the tree/' 

Victoria Jiottle Tree (Sterculia divereifolia) [fig.20], and Flarue 
Tree (6\ aceri/oiia) were successfully inoculated (p.552). 

u Forest lied Gum ( E . tereticornia) [fig.21],—Seedlings of from 
four to six feet were inoculated. The first successful inocula¬ 
tions were made May 16, 1910. On March 25, 1912, there was 
one large knot and one very small one at points of inoculation. 
September 2, 1911, inoculated a seedling about one half inch in 
diameter. February 20, 1912, there were two small knots On 
March 26, 1912, one of these knots had grown rapidly in size, 
the other had not changed/' 

11 Inoculations were made on small seedlings, July 20, 1910, on 
the branches. Typical roundish knots or galls had developed 
on (September 5, 1910/' 

[Silky] Oak (GreviUea robuata) (p.552), gave negative results t 
11 This is probably due to the slow growth of the tree/’ 

Under the heading of Other Gall» that are at preaent little 
i*ncforftood(p.652).— “ Kucalyjrtua Knot (pp.553-554)— Galls occur 
frequently on the small seedlings. These are hard knots that 
occur always at the nodes. There will often be a gall on each 
side of the plant where cotyledons or the opposite leaves have 
previously been. We have had small seedlings with these natural 
galls under observation for about three years. In some cases 
there is an increase in size in the knots, which still continue to 
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be bard, and do not in any way appear to weaken the tree*. In 
many cases, the diseased trees have completely outgrown the 
disease, and in these instances there has been but little increase 
in size of [the] original knots. From our observations, the die- 
ease does not seem to seriously injure the growth of the tree. 
Numerous attempts to isolate a pathogenic organism have re¬ 
sulted in failure, although we still believe the galls may be 
caused by such an organism.” 

Quite recently three papers by Dr. Erwin F. Smith, of the 
U.K. Department of Agriculture, have come to hand, which have 
a very important bearing on the problem of the shoot-bearing 
tumours of Euc&lypts.* These also are to be found only in 
a few libraries. '1 hey are important because they relate to the 
first records of natural, axillary, shoot-bearing tumours caused by 
soil-organisms; and axillary and other special tumours produced 
by artificial inoculations. We give the following extracts from 
these:— 

Dr. Erwin Smith says in his paper published in August, 1916: 
“Last winter, I discovered that when growing plants are inocu¬ 
lated in the vicinity of dormant buds, a new type of tumor is 
produced. This tumor bears, on its surface, diminulive abortive 
shoots (vegetative or floral) and in its interior, along with the 
cancer-cells, numerous fragments of embryonic tissues, variously 
fused and oriented, often upside down and curiously jumbled 
These tumors have never been seen by the writer in nature, or 
at least if seen, not recognised as crown-gall tumors, but un¬ 
doubtedly we shall now find them.” [Then follows reference to 
p footnote “As this goes to press, I have bad confirmation of 
this belief, having received from a florist in Massachusetts, a 
crown-gall of the rose showing abortive shoots growing out of 
stem-tumor/'] Dr. Smith continues—“These tumors have all 

* ‘'Further Evidenoe as to the Relation between Crown-Gall and 
Ganoer,” Proo. Nat. Acad. Sci. U. 8. A., ii., p.444 (August, 1916). 
“Meoaniemof Overgrowth in Plants,” Proo. Amer. Phil. Soo. Philadelphia, 
lvi M No.6, p.439 (August, 1917). 11 Embryomaa in Plants (produced by 
Bacterial Inoculations)/* Bulletin Johns Hopkins Hospital, xxviil., No. 
619, p.279 (September, 1917). 
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been produced with ftartorium inmefasiens. . . . The plants 

chiefly experimented on have been Pelargonium, Nicotians, Ly 
copersicum, Citrus, and Ricinus. All of these and some others 
(Mangifera, Allamanda, etc.) have yielded teratoid tumors 
from inoculations in leaf-axils ” 

In a later paper, Dr. Erwin Smith refers again to the acci¬ 
dental circumstance which suggested to him the desirability of 
inoculating plants in leaf-axils and growing points, in addition 
to internodes, as he had been doing for years. “ We had found 
indeed, as early as 1908-9, and had produced by bacterial inocu¬ 
lation, plant-tumors bearing roots, but the full meaning of this 
discovery, as related to cancer, did not occur to me until early 
in 1916, when I found crown-gall tumors bearing leafy shoots on 
some of our inoculated hothouse geraniums. Beginning with 
this discovery, F made numerous inoculations in the leaf-axils of 
various plants, which resulted in the production of leafy tumors, 
and subsequently I produced them on leaves and on cut inter- 
nodes where no buds occur normally. Tumors tearing roots have 
also been produced by us on the top of plants, and in one out 
internode of Tobacco I succeeded in producing a tumor which 
bore flower-buds. These perishable root-bearing and shoot-bear¬ 
ing tumors I regard as plant-embryoinas, and have so described 
them [Journ. Cancer Research, April, 1916, p.24l] ” 

We have not had access to the paper last mentioned. Hut in 
the Johns Hopkins Bulletin for September, 1917, Dr. Erwin 
Smith has given further particulars, and numerous illustrations 
of the erobryomas resulting from his inoculations, together with 
two (flg.63) of “ Pelargonium teratoid tumors originating natu¬ 
rally ... on gardener’s cuttings bedded in earth for propagation. 
The specimens came from a gardener's house near Baltimore.'’ 

We give the following brief extract from this paper—“In 
April 1916, I announced the discovery of a new type of 
crown-gall, one containing numerous leafy shoots, and showed 
that I could produoe it at will by making my bacterial inocula¬ 
tions in leaf-axils where there is a dormant bud.I have 

since discovered that leafy crown-galls occur in nature on various 
plants, $.g , on the rose, and on tbe carnation.” 
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If the shoot-bearing, axillary nodules of Australian Eucalypti* 
are caused by parasitic soil-organisms, under natural conditions, 
then they seem to be comparable with the five cases of “ leafy 
tumours 11 [on Geranium, Pelargonium (two), Rose, and Carnation] 
due to axillary infection by the organism causing Crown- 
Gall under natural conditions cited, by Dr. Erwin Smith 

Were it not that, by a fortuitous combination of circumstances, 
the axillary stem-nodules are able to fuse in pairs, the fused pairs 
to concresce, and the re-inforced, composite, stem-encircling 
tumours thus enabled to incorporate roots and so last for some 
considerable time or even permanently, both the nodules, And 
any shoots they might develop, would be shore-lived and abortive; 
as they actually are in refractory seedlings; and as the shoots on 
the lower pairs of concrescences also are. 

They are not exactly comparable with the embryomas pro¬ 
duced by Dr. Erwin Smiths inoculations in leaf-axils and grow 
ing-points. but the circumstances and conditions in the two 
cases are not parallel. Erwin Smith's experiments were mostly, 
but not entirely, carried out with soft-tissued plants, which 
responded promptly; the organisms were introduced by needle 
inoculations right into the tissues of the plants, causing profound 
disturbances; and the inoculations were made in upper axils. 

but in the natural inoculations in the lower axils of the young 
seedlings of Kucalypts, which furnish some of the most valued 
hardwood timbers, we are inclined to think that the organisms are 
confined to the outgrowths, and the encircling tumours to which 
they give rise, and probably do not invade the.tisBues of the seed¬ 
lings. The tumours do not kill the seedlings, or even seriously 
damage their tissues, 'i hey are a drag on the normal develop¬ 
ment of the plants, especially so when shoots do not develop, and 
by interfering with the water-supply, and also by (heir shoots 
preventing the development of the normal branching. In the 
Mallees, so much water is intercepted by the tumours, that the 
seedling-stem is dwarfed; and, by the persistence of the shoots, 
the growth-habit is permanently distorted, so that the plants are 
prevented from realising their potentialities as trees. The seed- 
ling'&tem may possibly be sometimes crowded out and got rid of. 
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But the stem-nodules, as well us the composite tumours to 
which they give rise, are complex tumours, composed of both 
somatic cells and germ-cells; and the latter are totipotent, 
because in the persistent composite tumours of the Malices, the 
tumour-shoots complete their growth, flower and fruit, and pro¬ 
duce seed. Even in the Non-Mallees, if the seedling-stem is lost, 
two tumour-shoots may take its place, attain to tree-size, and 
flower and fruit. But they do not prematurely disclose their 
embryonic possibilities, in the way that some of Erwin Smith's 
artificially produced monstrosities did. Also the production of 
these tumours in Eucalypts under natural conditions is a matter 
of long standing. The Malleo Scrubs, which must have lieen 
the developments of centuries, were in their prime, when civilised 
man first saw them, nearly 101 years ago. 

We may next briefly review the Australian contributions to a 
solution of the problem we are interested in. 'iheso relate 
chiefly to the Mallees. The earliest descriptions of the make-up 
of those curious plants, by Allan Cunningham, * Tenison-W »ods,t 
and Baron von Mueller,} are subject to the drawback that, when 
these botanists visited the untouched Malice-Scrubs, there was no 
opportunity of seeing uprooted plants. Two of the Baron’s de¬ 
finitions will suffice. Under E . oleosa (Dec. vii.): “Shrubby or 

somewhat arborescent.Tt is this species which forms a 

large ingredient of the 1 Mailee-Scrub,’ constituting tall bushes 
branched from the root.* 9 Under E . stricla (Dec. x.): “Shrubby 

or somewhat arborescent.; habit that of the Mallce-Euca- 

lypts, with many stems from one root.” 

Mr. J. Ednie Brown,$ in 188*2, gave his interpretation of the 
“ root” of the Mallees, from which the sterns are said to rise, as 
“being apparently a kind of d*arf trunk, the steins of uur de¬ 
scription [under E. gracilis , “A Mai lee tree with several stems’’] 
representing its branches.” 

* Oxley’s Journal (in the entry tor June 10, 1817), p.«3 (1820). 

+ “Geological Observations in ,South Australia," p.83 (1802). Also, 
l*ruc. Linn. 8oo. N. 8. Wales, vii M p.5W (1883). 

t “Kuoalyptographia,” under the various Mallees (1879-84). 

8 Forest Flora of 8outh Australia, Part v..(!882). 
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A little later, Mr. Tepper, of Adelaide, offered another ex¬ 
planation of it *— u Eucalyptus ofooita is a species with an under 
ground rootstock, from which numerous small stems, generally 
crooked and semi-sarrnentose, spring. When these are destroyed 
by fire, Ac, a host of fresh ones spring up from the caudex.” 
But no details are given of the characters of the supposed root- 
stock. 

We owe to Mr. N. B. McKayt an interesting description 
of the underground, composite, stem-encircling tumour of a 
Mai lee, even though it is incomplete, inasmuch as no particulars 
about the shoots, or the incorporated roots are given We have 
looked in vain, however, for a more satisfactory one. He says 
— “The indigenous timber-growths on the Mildura horticultural 
areas consist, for the most part, of blue bush, ‘bull' mallee, 
balar, pine, and needle-bush. . . .A well established bull in&liec 
is a problem to the ordinary grubbing contractor. The butt is 
a great flattened bulb of curly timber, sometimes 8 or 10 feet 
through. Tt is set firmly into the soil, and even if all the roots 
were cut off, the tree would stand in its place just the same, as 
the upper growth is very insignificant compared with the base. 
Chopping mallee out is an obvious impossibility, and, aa the 
wood is full of moisture, it would be an endless task to attempt 
burning it out. Dynamite and rack-a-rock have proved equally 
useless. Before, or rather behind, the traction-engine, the diffi¬ 
culty disappears.When all the stumps are uprooted, the 

adhering earth is knocked off, and they are readily burned.” 

Three items in this are worth notice. Firstly, that the butt 
is a 11 flattened ” bulb: that it is to say, it increases in size hori¬ 
zontally rather than vertically. Hecondly, it is a bulb of “curly 
timber”: it is not a case of a simple, localised thickening of the 
stem, but results from the proliferation of cambium-tissue. 
Thirdly, “ the wood is full of moisture”: it is a water-charged 
tumour, because of the incorporation of water-storing roots. 

* “Remarks on the * Manna* or Lerp Insect of South Australia.*’ Joum, 
Linn. Boo. Lond., Zoology, xvii., p. 109 (1882). 

t Eighth Progress Report of the Royal Commission (of Victoria) on 
Vegetable Products, 1890. 
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The late Professor K. Tate, in a paper entitled “A Review of 
the Characters available for the Classification of the Eucalypts,”* 
etc., under the section “ Habit,” expressed some views, which 
should have provided a new starting-point for considering the 
makeup of tho Mallees. Unfortunately, they were so severely 
condensed as to be cryptic, and quite failed to influence his 
successors. Tate says— 

“ The Eucalypti comprise two habits of growth, vis., trees and 
shrubby trees, to which I apply the vernacular names of &umn 
and Mallees, I do not know if I am correct in so doing, att I 
have failed to find Any definitions of these well-known terms 
" I have constantly observed in seedlings and growths of one or 
two years of such gums, as E. rostrata , leucoxylo w, vtmitutlis, a 
large inflation of the base of the stem, either at the surface or 
just below the surface of the soil. In the species named, this is 
eventually outgrown; but in the raalleex, it persists and increases 
in size proportionately with the development of the branch* s 
which are emitted from it—in the mallee, this rudely globose* 
bole is partially subterranean.” 

It is the third and fourth sentences that are important. These 
embody Tate's version of the problem we are interested in, com¬ 
pressed to an it reducible minimum The chief difficulty arises 
from the fact that no attempt is made to explain the nature or 
the significance of the basal inflations. A non committal name 
is given to them, but they remain of problematical import. Nor 
is any reason given for their being transient in the seedlings of 
Non-Mallees, and persistent in the Mallees. Nevertheless, he 
recognised the difference. Apparently his seedlings were not 
young enough to show the axillary stem-nodules befoie they had 
fused in pairs, and the fused pairs had concreBced; and they 
were not old enough to show that basal inflations were able to 
incorporate roots. Jt was. presumably, from necessity, and not 
from choice, that he confined his observations to seedlings of 
“one or two years,” If he had mentioned this, and supple¬ 
mented it by pointing out the importance of studying seedlings' 
in trying to understand such complicated structures as the adult 

* Report Auat. Auoo. Adv. Sol., vii., p.544 (1898), 
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Mallees present, those who came after him might have been 
induced to follow his lead, and to extend his incomplete observa¬ 
tions. Even what he actually says ought to be sufficient to make 
anyone cautious about identifying the persistent basal inflation 
of the Mallees as a 44 rootstock,” without first investigating the 
transient basal inflations of such Non-Mailees as have them. 

Unfortunately his excessive reticence obscured what merit 
his observations may have; and his successors, in attempting to 
explain the make-up or constitution of the Mallees, either 
adopted Mr Tepper’s idea that the Mallees have 44 rootstocks/' 
without offering any explanation of their peculiarities; or else 
they make use of one or other of the older definitions, which, 
though excusably deficient when they were first offered, are now 
out of date. 

As far as we can ascertain, Mr. Maiden is the only writer who 
has taken any notice of Tate's statement quoted above. On the 
first page of his “Critical Revision of the Genus Eucalyptus" 
(1903), the author gives substantially Tate's views, almost in the 
original words, but without any comment other than 44 This 
classification is chiefly of practical use in Professor Tate's own 
Htate (South Australia) and in Western Australia." 

In Plate 67, fig.12 (of Vol. ii.) of the same work (1911), an 
illustration of a young seedling of E. pamculata, with a pair of 
axillary stem-nodules still unfused, will be found. Ibis, we 
believe, is the only illustration of a Eucalypt seedling with stem- 
nodules, or any stage of them, which has hitherto been published. 
In the explanation of the Plate (p.131), fig.12 is referred to as— 
u Bulbous swelling in seedling.This swelling is very com¬ 

mon in seedlings belonging to this genus, and the cause has not 
been investigated so far as I am aware. It is presumably to be 
attributed to the action of bacteria." Allowing for the fact that 
there is a pair of independent, bulbous swellings, and not merely 
one, and that they are the first stage in the formation of Tate's 
transient basal inflation of a Non-Mallee, we agree with Mr, 
Maiden that they are presumably attributable to the action of 
bacteria. But we should say exactly the same about a similar 
seedling of a Malles, with the first pair of axillary nodules or 
bulbous swellings present. 
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The difficulty which confronts anyone who tries to interpret 
the axillary, bulbous swellings of seedlings of Eucalypts, whether 
Mallees or not, and Angophoms, from the standpoint that the 
Mai lees have rootstocks, is exemplified by the following quota¬ 
tion from a recent paper by Dr. Hall*—“The origin of the 
peculiar rootstock of the Mallee can be well seen by observing 
the seedling In nearly all the Eucalyptus seedlings, and also 
in the Angophoras, there is developed, especially if growth is 
checked, a small woody swelling in the stem at the point of 
attachment of the cotyledons. A number of buds will develop 
on this, and shoots start from them. If the growth of the seed¬ 
ling proceeds in the form of one main stem, this swelling is soon 
obliterated, but, in the Malice, these secondary shoots grow 
almost as quickly as the main stem, and so, instead of a tree in 
the ordinary sense, we have an enlarged rootstock, from which 
spring numerous stems, all more or less of the same size ” The 
author is here trying to explain Tate's problem of the transient 
and persistent basal inflations of the Non-Mallees and the 
Mallees. If the small woody swelling at the attachment of the 
cotyledons of the seedlings of Malices is the initial stage in the 
formation of a persistent rootstock, is not the woody swelling of 
the seedling of Non-Mallee EucaKpts and Angophoras also the 
initial stage in the formation of a transient rootstock 1 

The following statement from Tubeuf and Smith's “ Diseases 
of Plants” (p.299) may be mentioned. “ In the Botanic Garden 
at Amsterdam, the roots of several species of fiucalyfrtu* ex¬ 
hibited woody tumours from which proceeded outgrowths re¬ 
sembling ‘witches’ brooms.’ These contained the mycelium of 
an Untilago which produced spores in the cortical tissues.” If 
the tumours here referred to are of the same kind as those we are 
interested in, we consider that the presence of Ustilago under 
the circumstances mentioned, is to be regarded as merely in¬ 
dicative of a saprophytic intruder. As pointed out by Erwin 
Smith and his colleagues, a varied assortment of lodgers com¬ 
monly infest crown-galls. 

* “The Evolution of the Eucalypts in relation to the Cotyledons and 
Seedlings.” These Proceedings, 1914, pA17. 
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Non-Malle® Euoaltpts. 

Seedlings of some specie of Eucalypts are exempt from 
tumours. We have met with six of these, referred to later on. 
As mentioned in our introductory remarks, tumours, which 
accomplish all they can do, pass through the three stages of— 
(1) axillary, shoot bearing stem-nodules; (2) composite, shoot¬ 
bearing, stem-encircling tumours; and (3) composite, stem-encir¬ 
cling, shoot-bearing, root-incorporating tumours. 

Axilla*y Stem-noduUa,— Five young seedlings, with one or 
more pairs of stem-nodules, with the cotyledons, or some of the 
leaves in xi/w, are shown in Plate iv. The cotyledons and lowest 
leaves have usually disappeared by the time the nodules become 
recognisable, as in the two series of seedlings shown in Plate v. 
When they are absent, therefore, it is to be understood that the 
opposite and distichous arrangement of the nodules corresponds 
to a similar arrangement of the cotelydons and leaves, in whose 
axils the nodules develoj ed. Figs. A1 and A2 are seedlings of 
E. corymbosa t each of which has only one pair of nodules. Both 
nodules of the older one have a shoot with several pairs of leaves. 
Older seedlings of this species are shown in Plate xi. Figs. B1, 
B2, and B3 are seedlings of E. hsmiphloia , one with two, and 
two with four pairs of stem-nodules. These supplement the 
series of the upper row of Plate v.; they are shown here simply 
because they happen to have one or several leaves in ttiu. 

The upper row of Plate v. shows a gradational series of five 
young seedlings of E . hemiphloia not old enough to show more 
than three pairs of nodules. The three youngest (from right to 
left) show the successive development of one, two, and three 
pairs of axillary nodules. The first pair of the second seedling 
have made good progress, and are obviously more advanced, that 
is older, than the second pair. This is not so evident in the 
third seedling, which has a bend in the axis. The fourth ex¬ 
ample shows a further advance. The nodules of the first pair 
have grown unequally, so that one is bigger than the other, 
though of the same age; while fusion between them has made 
some progress. The second and third pairs have made fair 
progress. The fifth example shows still further advance. 
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The first pair have nearly completed their fusion, except 
superficially; the second pair are still small; while the presence 
of the third pair, in the axils of the second pair of leaveq, 
can be made out One shoot has developed on each nodule 
of the first and second pairs. Another seedling with two 
pairs (HI), and two older ones with four pairs (B2 and B3) are 
shown in Plate iv. The first pair of B3 have made good pro¬ 
gress, and have nearly completed their fusion. Another, but a 
rather poor specimen which could not be photographed while it 
was fresh, with five pairs of stem-nodules, and three root-nodules, 
is shown on the left of Plate xii All the specimens of this 
series were nursery-seedlings; and we have been able to ascertain, 
that seedlings 3-4 months old, with from 4-7 pairs of foliage- 
leaves, may or may not have one pair of recognisable nodules. 
Bush-seedlings of E . corymbosa % about 3-4 mouths old, with four 
pairs of foliage leaves, will usually show one pair of recognisable 
nodules, as in fig. Al. 

The lower row of Plate v. shows a similar series of bush- 
seedlings of E. side* oxylon. The younger ones show, in order, 
one, two, and three pairs of stem-nodulcs. The fourth shows 
a more advanced stage of three pairs, the nodules of the 
second pair being about as large as those of the first The fifth 
seedling has four pairs. One of the first pair has grown more 
tban its fellow. One of the second pair seems to have come to 
a standstill, while the other has grown downwards into the 
interval between the nodules of the first pair, and shows signs 
of commencing to fuse with one of them. The third and fourth 
pairs are still small. 

An interesting growing seedling of E . tereticomUy with three 
pairs of nodules, and no shoots, is shown in Plate vi., fig 2. The 
opposite and decussate arrangement of the pairs of nodules is 
well seen. The first pair have developed well, and fairly equally; 
and have fused basally, leaving only a superficial interval still to 
be filled. The visible member of the second pair is small, and 
seems likely to fuse with the first pair before fusing with fts 
fellow. A notched, white card has been placed in position to 
give a white background. 

The total number of pairs of stem-nodules present in seedlings 
depends on the number of axils affected, and on the age of the 
seedling. Seedlings of some species, as a rule, may have more 
1* 
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than those of other species at about the same stage; but seedlings 
of the same species may similarly differ. Occasionally one may 
find a seedling of a species liable to have them, and old enough 
to show them, without any at all. One nodule of a pair is often 
missing. Apparently, therefore, sometimes the conditions which 
lead up to the production of nodules fail, or inoculation was pre¬ 
vented, or did not take place. Sometimes, after the flrnt pair, 
the change from a pair of opposite, to two alternate leaves may 
result in the appearance of two incomplete pairs. 

Plate vii. shows a set of miscellaneous, hardy bush-seedlings 
from poor virgin soil, which are remarkable for the numbers of 
pairs of axillary stem-nodules present; for the slow progress of 
the lower pairs in most of them, considering how many pairs are 
present, and consequently for delayed fusions and concrescences; 
and for variation in the lengthening of the internodes. The first 
five (left-right) are somewhat older than might be expected from 
their small size. The fiist three are E. eugeuwides, the third of 
which shows fusions and concrescence of nodules, while the other 
two have done very little even in the fusion of nodules of the 
same pair. Some of them have shoots. One nodule on the lower 
side is missing from the third pair of the first seedling. The 
fourth and sixth are E . piperita, and show well, what is very 
characteristic of seedlings of this species, numerous pairs, most 
of which are crowded up through the non-lengthening of 
other internodes besides the first and second A later stage is 
shown in Plate xii., fig.2; but, in this case, matters were com* 
plicated by the death of the seedling-stem at an early stage, and 
its replacement by two tumour-shoots, as is usual; these are 
remarkable for having pairs of axillary nodules (some stage of 
three pairs in each case) the lower ones fairly cloBe together. 
Seedlings of this species sometimes have very shapely, large 
tumours. 

The fifth and seventh are seedlings Af E* hamaetoma. One 
nodule is missing from each of the fifth and sixth pairs of the 
smaller specimen. 1 he larger one shows considerable lengthening 
of the third and fourth internodes; also a root-nodule (r.n.) from 
which on one Bide, near the base, a root (r.) emerges, which does 
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not come out very well in the photograph. The nodules of the 
lowest pair furnish a good example of unequal progress. 

The remarkable seedling in Plate x., iig.o, has eight pairs; the 
seventh and eighth are indicated, but had not completed their 
growth when the specimen was secured. This was a pot-seed¬ 
ling, about 2 feet high, and somewhat older than the others 
shown in Plates ix. and x. It is the most remarkable, refractory 
seedling we have seen. 

The remarkable seedling of £. euyenioidee, about 4 feet high, 
shown in Plate xix., has twenty nodules (possibly twenty-two), 
fourteen stem-nodules, in addition to the concrescence, compris¬ 
ing at least three pairs (possibly even four); four pairs are in¬ 
complete, one nodule of each having failed to develop— potenti¬ 
ally about twelve pairs. The nodule marked 1 is solitary, and 
was about to fuse with the concrescence. The rest were not 
likely to have accomplished anything whatever, even in the way 
of fused pairs. Another, fine, but much younger specimen of 
the same species, about 2 feet high, has twelve pairs, but the 
uppermost are not very far advanced, and there are indications 
of some others to follow; the first three pairs have nearly com¬ 
pleted their concrescence. This specimen was obtained too late 
to be included in the series shown in Plate vii. For its total 
number of complete pairs, this is the most remarkable seedling 
we have seen. 

Sometimes, but rarely, an extra nodule makes its appearance, 
so that instead of the first pair, there is a whorl of three. When 
this happens, the second node may, or may not, also show a whorl 
of three We have four seedlings, two of which show one whorl 
of three; and two have two whorls of three. The explanation 
of this condition U that the cotyledons of both Eucalypts and 
Angophoras occasionally show anomalies, such as three cotyle¬ 
dons, fused cotyledons, or with one cotyledon paitially or com¬ 
pletely “split.” When this happens, the first pair of leaves may 
be normal, or dislocated, or replaced by a whorl of three leaves. 
The significance of these anomalies, for our purpose, is the pro 
vision of an additional one or two axils for the collection of soil 
or dust; or the loes of an axil. 
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Plate xi. shows a series of seedlings of two of the Bloodwoods 
(E, corymboaa and E. eximia) which differ from any other seed¬ 
lings of EuoalyptB that we have seen, in that they have, usually, 
only one pair of effective, axillary nodules, though there are 
sometimes two, and occasionally more in late stages; but they 
almost always have an unpaired, not definitely located nodule 
below the level of ihe cotyledons. Figs. 1 and 2 represent two 
young seedlings, somewhat older than the two shown in Plate iv. 
One of them has only one axillary nodule; we have other seed¬ 
lings like it. Both are too young to show the unpaired nodule. 
When it does appear, it is sometimes much closer to the axillary 
nodules than at others. Occasionally, it is far enough away to 
indicate that it possibly developed on the taproot, rather than 
on the hypocotyl. It seems to be probably a case of wound- 
infection due to a possible tendency of the bark of these young 
seedlings to crack in growing. The nodule extends upwards, 
fusing harmoniously with the fused, axillary stem nodules; and 
grows downwards also, partially, or by degrees, entirely encircling 
the axis. The fusion usually ends abruptly. It may be an inch 
long, or four inches, and in one case about eight inches. In late 
stages, it increases in diameter, but continues to be cylindrical 
in shape. One specimen has two unpaired noduIeB, one below 
the other. The lower one is evidently a root-development. 

The presence of more than one pair of axillary nodules is 
unusual in E, corymboaa. But we have one advanced seedling 
which has five pairs [first pair (one with a shoot) fused, and the 
fused pair fused with the unpaired nodule, as usual; one nodule 
of the second pair with a shoot, and fused with the concrescence, 
its fellow very small, and solitary; the nodules of the third, 
fourth, and fifth pairs small, unequally developed, and not fused]. 

One seedling of E . eximia (Plate xi., No.6) has two pairs of 
axillary nodules, which is unusual, (though we have another like 
it) and a pair of root-tiodules; but, apparently, the unpaired 
nodule is absent is this case, unless it is represented by one of 
the root-nodules. Both root-nodules have incorporated a root, 
but that of the smaller one was accidentally broken off short, 
and its stump is hidden from view. 
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In seedlings of some species and in some individuals of the 
same species, the axillary stem-nodules appear sooner and pro¬ 
gress faster, than is the case in others, or the period of incuba¬ 
tion is shorter Sometimes this may be due, in some degree, to 
unfavourable conditions; but in other cases it seems to be a con¬ 
stitutional matter. lienee, it is possible to distinguish between 
susceptible, and resistant or refractory species, or individuals. 
The majority of the species whose seedlings are known to us, are 
susceptible, some more so than others The best examples of 
refractory species that we have met with are E. robuata and E. 
lany\folia t of both of which we have seen nursery Becdlings in 
quantity; but we have been unable to get bush-seedlings. Ad¬ 
vanced seedlingsof these two species are shown in Plates ix and 
x. The seedling of E. lobusfa , with eight pairs, (Plate x., fig.a) 
is the most remarkable refractory seedling we have seen. 

Axillary nodules develop not only on the stems of seedlings, 
but aIbo on tumour-shoots, showing that the first few leaf-axils 
of tumour shoots repeat the conditions offered by the early axils 
of seedling-stems. Fig.3 (not numbered) of PI. vi. ( shows the 
tumour of a seedling of E. resimfera, whose stem, with one pair 
of unincorporated nodules, and any shoots that may have been 
present, was scorched and killed by a bush-fire. Two tumour- 
shoots, as is usual in such a case if the seedling stem is centrally 
situated, replaced the stem; these were about 7 and 10 inches 
high, and were doing well when the specimen was taken. Both 
have the first pair fused with the tumour. The larger has a 
second pair, unfused, and unequally developed. The smaller has 
a second pair, one only of a third pair, a fourth pair, and also a 
fifth pair. [The numbers on the Plate indicate only the con¬ 
spicuous ones; the fifth pair of the smaller one, not being very 
well shown in the photo, was not numbered]. The tumour itself 
may represent probably three fused and concresced pairs. 

Another case is shown in fig.2 of PI xii. This also is a case 
of two tumour-shoots taking the place of a seedling stem after 
injury, not by fire in this case. Each of them has three pairs of 
axillary nodules. 

Still another oaBe is illustrated in Ph *viii. The large tumour- 
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shoot at the back, a little to the left of the stem, has six nodules, 
of which four are visible—the first pair not fused; the second 
pair dislocated, probably duo to a pair of leaves becoming alter¬ 
nate; one only of a third pair, and one of a fourth pair, with a 
shoot. Another tumour-shoot, hidden in the photo, also has a 
good pair. 

These three seedlings show, then, that axillary nodules may 
develop on tumour-shoots which develop in the ordinary way, or 
on second-growth shoots, whose development has been accident¬ 
ally stimulated. 

The Nodule-Shoots .—Until the morphology of the seedlings, 
and the histology of the nodules and composite tumours have 
been investigated, one can attempt to interpret macroscopic 
characters only with reserve. The shoot-bearing character of 
the nodules is due to the fact that the axillary outgrowths take 
over and incorporate the dormant buds(or the bud-forming tissue), 
which, otherwise, would be smothered. But so many shootb 
sometimes develop on a single nodule, or on a fused pair, that we 
are inclined to think that the nodules sometimes carry away 
bud-forining tissue, rather than simply differentiated buds; and 
that the stimulus which is responsible for the proliferation of the 
cambium to form the nodules, may also cause the bud-forming 
tissue to proliferate and spread. 

On the other hand, sometimes the growing nodules fail to take 
over the buds. Three good examples are shown in the two 
Stringybark seedlings in FI. xii. Another is shown on the stem 
of the seedling of flg.l of PI. xiv. Also two others in the re¬ 
fractory seedling, c2 of PI. x.; for the two futile nodules of the 
third pair, and the two branches just above them, belong to the 
same pair of axils. There are some other examples on the re¬ 
markable seedling in Pi. xviii., particularly the pair of which 
one is numbered 4. In such cases, the bud and tbe nodule 
develop separately; if the bud perishes, the nodule is left stranded 
on the stem. If both develop successfully, it is noticeable that 
the nodule is usually on the outer side of the branch in the ex¬ 
ternal angle between the branch and the stem, fused to both. 
This suggests that, as the nodule develops on tbe outside of the 
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bud, and between the latter and the attachment of the petiole 
of the leaf, the supposed weak spot in the axils, which makes 
inoculation possible, may arise in connection with the differentia¬ 
tion of the bud; or that there may be a weak spot about the 
attachment of the petiole, which is exposed when the leaf ex¬ 
pands; or, perhaps, both are concerned. Serial, transverse, and 
longitudinal sections are required to settle the matter. 

In general, the conditions which favour or retard the develop¬ 
ment of ordinary branches in leaf-axils, favour or retard the 
development of nodule shoots; and, particularly, sufficient room 
to allow of free exposure of the plants to light; and damage to 
the growing-point, or removal of the greater part of the stem. 
Defoliation, under some conditions, may also stimulate the pio- 
duction of nodule-shoots. 

Two very young seedlings of E. hemiphloia , with only the first 
pair of stem-nodules present, are shown in figs. Cl and C.2 of 
Plate iv. One shoot promptly developed on each nodule after 
the growing-points suffered injury, in each case. Sometimes two, 
or even three, shoots will develop on at least one nodule of seed¬ 
lings like these. 

PI. xxv., fig.l, shows a flourishing pot-plant of E. teretibornig t 
growing under very favourable conditions, which exhibits pro¬ 
fuse branching, as well as nodule-sboots. 

An advanced pot-seedling of E . hemiphloia , with a well devel¬ 
oped, complete, encircling tumour, without any shoots, was unin¬ 
tentionally neglected, and the pot allowed to become so dry, that 
the leaves wilted, and were cast off. On receiving attention, the 
plant revived; but, before the new leaves appeared, five young 
shoots promptly developed on the tumour. 

Though the buds usually remain dormant on the nodules of 
refractory seedlings like those shown in Plates ix. and x., injury 
to the growing-point, or removal of the greater port of the stem 
will cause shoots to develop. 

The presence of shoots is of great importance both to the 
stem-nodules, and to the resulting, composite tumours, for 
they are not then entirely dependent on the seedling-stem for 
nutriment. A large, revived, belated nodule (A2), whose fellow 
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is missing, is shown on the advanced seedling in PI. xix. The 
seedling-stem (s.at.) perished, whereupon the main nodule-shoot 
took up the running, and this gave tlje nodule a chance of 
making a fresh start. This is the largest, individual nodule 
have yet seen. The photo is reduced by somewhat more than 
one-third. Composite tumours at first are usually more or less 
pyriform in shape, especially if they have no shoots, or only 
insignificant ones (PI. xii., fig. on the right). Some of the later 
stages of the E, su&racy&m-series show how the upper portion 
of the tumour fills out when there is & good Beries of shoots 
round the summit. As long as the shoots last, and continue to 
grow, the composite tumours may be expected to progress pro¬ 
portionately. 

The number of nodule-bearing shoots on a seedling, like the 
number of shoots on individual nodules, if the conditions are 
favourable, is sometimes surprising. The oldest nodules are 
likely to show (hern first, and to have most shoots. Tho basal 
pair, or only one of them, will very often show one or more, 
when the others are without them, but the nodules of any 
pair, or one of them, may have shootN, when the others have 
none ' Both, or one, of several pairs may have at least one shoot. 
Or the buds may remain dormant, and no shoots at all may 
develop, as in most refractory seedlings. 

It would be unusual to find more than one branch in a leaf- 
axil, though, of course, there may be reserve-buds. Three shoots 
are often present on a single nodule, but there may be as many 
as seven, or even more, in different stages. Fig. 1 of PI. vi, allows 
a very attractive bush-seedling of Angophora lanceolate , pro¬ 
bably not under two years old, photographed while fresh. As 
shown, it is less than half the natural sue, the stem-height 
above the encircling tumour being about 10} inches. The 
tumour is the result of the complete fusion of the first pair only. 
The nodules of the second pair, still very small, unfttBed, and 
without shoots, are to be seen, rather indistinctly, a little above, 
but there is no third pair. Eight shoots are present, four on 
each side, but two of one groiip are dead. 

An inspection of the figures of the E* ftcfmnjy&m-series will 
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give an idea of the way in which shoots develop about the 
summit of the tumours, when they arc complete in late stages 
When specimens like these are scorched by a bush-fire, and the 
stem, and any shoots that may be present, are killed, piovidcd, 
of course, that the underground portions, including the tumours, 
are not hopelessly injured, fresh second growth shoots may come 
up freely, when the conditions become favourable. Mg.3 of PI. 
vi., is an example of a scorched seedling. Two second-growth 
shoots only are present heic. The growth-habit of such plants, 
especially if they are scorched a second time, or oftener, and 
recover, if they succeed in attaining any size, necessarily is much 
modified. In the quotation from Mr. Tepper’s paper, the second- 
growth shoots of the Mai lees, under similar circumstances, are 
mentioned. 

The shoots of all the pairs except those which supply them at 
the summit of late stages of the encircling tumours, are doomed 
to perish at an early stage, except under exceptional circum¬ 
stances, because the tumours are gradually pulled underground. 
Even those on the summit cannot last indefinitely, as a rule, 
unless water-storage roots are incorporated. 

The nodules, when quite small, are smooth. As they increase 
in size, the surface becomes warty, duo to local proliferation. As 
the warty protuberances increase in size, they meet and fuse, and 
fill up the vacant spaces. In this manner, by constant local 
proliferation at the periphery, the nodules, or the composite 
tumours to which they give rise, increase in size. The latter, 
when doing well, are excessively warty. This is indicated in 
some of our illustrations, but the warts do not always show up 
as conspicuously as they do in the specimens. 

The nodules and the surface of tumours, when fresh, are readily 
sliced with a knife; but, when dry, they are hard and woody. 
The tumours when fresh, and doing well, contain a good deal of 
of moisture; but, when drying, gaping, longitudinal cracks, often 
from top to bottom, appear. 

Later Stages.—Growing nodules very readily fuse with any 
other suitable living tissue with which they make contact; so 
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that finally, when the fusion is complete, there is no visible line 
of demarcation. As the nodules of a flourishing pair progress, 
they increase steadily in size, growing upwards slightly, but 
more evidently outwards, backwards, and downwards, until they 
meet and fuse, thus encircling the stem. Similarly the fused 
pairs grow downwards, covering up and fusing with the portion 
of the stem involved, until the several fused pairs have con- 
creseed. As the Imsal portion of the concrescence grows down¬ 
wards, it Anally encircles and fuses with the upper portion of 
the taproot, and the proximal portions of any lateral roots that 
it may encounter. We have an example of two seedlings grow¬ 
ing so close together that the encircling tumours came into con¬ 
tact and fused. If two such seedlings survived and atrained 
tree-size, they might furnish an example of apparently one tree 
with two stems. 

The opposite and decussate arrangement of the stem-nodules, 
corresponding to the disposition of the cotyledons and leaves, is 
an ideal arrangement for the production of well-balanced, sym¬ 
metrical, composite, encircling tumours, provided—(1) that all 
the pairs of stem-nodules are complete; (2) that the noduleB 
develop promptly; (3) that they grow comparatively equally and 
uniformly, and make the necessary fusions, and the fused pairs 
the necessary concrescences, at the right time, and in the right 
way; and (4) that the internodes, especially the lower ones, do 
not lengthen too soon or too much. But if one or several of 
these provisoes fail, the final result will be correspondingly modi¬ 
fied. If plenty of material is available, very suggestive and 
instructive anomalies, of almost every conceivable kind, may be 
obtained. 

Incomplete pairs of nodules are common. If several nodules 
or pairs are missing, any resulting composite tumour will be 
correspondingly smaller. A good example is shown in FI, xiii., 
fig.2, of the B . sideroatylon-seriva <about half nat. size). This is 
a concrescence of the fused first pair and of one nodule only of 
the second pair, and this, though it is included, did not make 
much progress and contributed very little, and is still recognis¬ 
able (in the specimen though not in the photograph). 
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One nodule missing from the first pair, which is chiefly re¬ 
sponsible for the basal portion of the encircling tumour, is a 
fruitful cause of the production of lopsided tumours. An ex¬ 
ample is shown in PI. xiv. f fig.3, in which the left nodule of the 
first pair is missing. Unfortunately the photograph is slightly 
blurred. A missing nodule from the uppermost pair, may inter¬ 
fere with the symmetry of the summit of the tumour. We have 
a seedling with three incomplete pairs only, one nodule from the 
top and the bottom pairs on the same side being missing. At 
the best, all that these could give rise to, is a half-encircling 
tumour. 

Fig. e of PI. viii., appears to be a case in which one nodule of 
the first pair (on the left) did not develop. The seedling-stem 
having been broken off, a normal branch in the axil without a 
nodule then assumed the erect position, and took the place of 
the seedling stem. The single nodule present, made fair pro¬ 
gress. It shows indications of about a dozen shoots, some of 
them dead. The large shoot, just to the left of the stump of 
the stem, belongs to the latter. 

Sometimes a nodule, instead of growing downwards arid fusing 
with the stem, will grow downwards and outwards, away from 
the stern, even in erect Beedlings. Three bent seedlings are shown 
in PI. viii. They have stem-encircling tumours, resulting from 
the fusion of the first pair, which has grown outwards and 
downwards away from the stem There is only one pair in fig.o. 
Figs. bl 9 b2 t show some indication of others poorly developed. 
There are no incorporated roots in these specimens, nor, we 
think, was thece any likelihood of its happening. In arranging 
the specimens for being photographed, some of the lateral roots 
were unintentionally left in unnatural positions. 

Inequality in the comparative rate of growth of the nodules 
of the same pair, as well as in the comparative growth of suc¬ 
cessive pairs, is also a fruitful source of anomalous developments. 
One nodule of a pair may come to a standstill, while the other 
goes on growing; or both may progress, but one of them faster 
than its fellow (as in No. 7 of PI. vii.). Nodules of the same pair 
may fuse sooner on one side than on the other; or they may fati 



316 


TUMOURS OF BUOALYPTS AND ANOOFHORA8, 


to fuse at all on one side* Encircling tumours, as they grow 
downwards, may progress faster on one side than on the other. 

If the nodules do not develop promptly, while the tissues are 
quite young, that is, if the period of incubation is longer than 
usual, the nodules seem to make slower progress, .when they do 
appear. Meanwhile, the lower internodes may have lengthened 
to such an extent that the concrescence of pairs may be delayed 
or even prevented. Angophora seedlings frequently offer very 
characteristic examples of this kind of thing. 

The B, ticforoxylon- series (PL v., lower row, and Pis. xiii -xvii.), 
of which the earliest, the last, and as many intermediate stages, 
as space will allow, are shown, are intended to indicate the course 
of events in a susceptible species. W ith the exception of the 
tumour in PI. xvii., 'all the photographs were taken when the 
specimens were fresh. They are variously reduced, from about 
one-third to one-half, or even more in the larger ones. They are 
intended to show the composite tumours, with recognisable por¬ 
tions of the seedling-stems and tumour-shoots, and, especially, 
various stages in the capture of lateral roots. 

The smaller of the two crossed seedlings (PL xiv., fig.2) shows 
the first and second fused pairs of nodules concresced; the third 
pair have not yet completely fused; one nodule from the fourth 
pair is missing. The growing-point was injured. The taproot 
is caught between a lateral root and the tumour, so that it can¬ 
not be freed without trimming the latter. There was enough 
soil between the two tumours to prevent fusion. The larger 
specimen has lost its seedling-stem, and two of the tumour-shoots, 
one on each side, are taking the lead. No roots had been 
incorporated in either specimen. 

The seedling in Pl. xiii., fig* I, with a stem-height of 20 inches, 
has three pairs almost completely concresced, and two pairs not 
yet fused. Two roots are just incorporated, and another was 
ready to be. 

The two seedlings on the right (PL xiii., fig.3) show incom¬ 
plete concrescences at the top; and an early Btage of the incor¬ 
poration of a root. 

Fig.2 of the same Plate (reduced by nearly one-half) is a fine 
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seedling, with a stem-height of 37 inches, the two longest tumour- 
shoots about 13 inches* It is a good example of a small tumour 
resulting from a shortage of axillary nodules. Only three de¬ 
veloped, of which the only one of the second pair (hidden at the 
back of the photo) made little progress, and contributed practi¬ 
cally nothing to the tumour. Small though it is, the tumour has 
captured three good, lateral roots Two others, which were 
accidentally broken off, and whose bases are hidden by the 
lateral root on the right, were about to be captured. The seed¬ 
ling-stem had a good canopy of foliage, and had got well ahead 
of the tumour-shootB, so that it would probab y have got rid of 
the latter sooner than seedlings with larger tumours. 

The seedling in fig.l, PI. xiv., (reduced by about one-half) has 
a concrescence of probably two pairs, with three incomplete pairs 
above (one of which is hidden). The downward growth of the 
concrescence on one side, is much in advance of that of the other, 
as shown on the left The uppermost is a good example of a 
belated nodule which failed to get possession of the bud; both 
it, and the branch above it, belong to the same axil. Several of 
the shoots have done well. Two lateral roots have been incor¬ 
porated; and several others would hate been later on. 

Fig.3 of PI. xiv.,» an example of a lopsided tumour due to the 
absence of one nodule of the first pair. Unfortunately the photo 
is slightly blurred. It has not incorporated any roots. Shoots 
are numerous. The seedling-stem may possibly be missing. 

Fig.l. of PI. xv., is a very complete concrescence (reduced by 
somewhat over one-third). Two lateral roots are just incorpo¬ 
rated. 

Fig.2 of the same Plate (only slightly reduced) has the con- 
orescence incomplete behind except at the top. One good root 
has been incorporated on the right. The root on the left with 
a bifurcation, and the one above it, would have been incorporated 
if the concrescence had been complete behind. 

Fig.3 of PI. xv., is a good example of a late stage. 

Fig.l of PI. xvi, shows a fine seedling, with a stem-height of 
ff feet above the tumour. The latter is shown (nat sice) iii FI. 
xviL The strongly developed taproot is now well established, 
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the lateral roots being insignificant by comparison. The seed¬ 
ling-stem has been able to increase its initial lead, and to develop 
its upper branches, so that their crown of foliage fairly completely 
overshadows the tumour-shoots, preparatory to getting rid of 
them by the process of natural pruning. The lateral roots are 
so insignificant that the tumour must be largely dependent on 
the seedling-stem for most of its water. When the leaves of the 
crown of foliage belonging to the seedling-stem and its branches 
have overshadowed the tumour-shoots, and are transpiring freely, 
the latter seem to suffer in consequence. When the shoots have 
been got rid of, the tumour, as such, gradually comes to a stand¬ 
still. The tumour of this example is shown in PI. xvii (nat. size), 
and is a fine specimen. 

Fig.2 of PI. xvi., shows the size of two, more udvanced seed¬ 
lings, 6-7 feet high, side by side. The one on the left, which had 
got rid of its tumour-shoots, was dug up (inadvertently the tap¬ 
root was cut off rather too short), and held beside a slightly 
taller, undisturl>ed specimen, which had one shoot left. This 
was afterwards uprooted and examined. It will he noticed that, 
at this stage, the tumour is completely out of sight underground. 
These photos were taken early in October, 1914, at which time 
the plants were about six years old. Three and a half years 
later, other examples of the same batch as those in fig.2, were 
promising saplings 9-12 feet high. 

The last stage of an advanced seedling of E . tenticorni* is 
shown in fig.2 of PI. xxi.; this has one small shoot left. The plant 
was uprooted carefully, placed on a stump, and photographed 
immediately. It was growing near the specimens shown in Pi 
xvi. In this case, the seedling-stem appears to be excentric, 
consequent upon lopsided growth of the tumour; and the shoots 
were all on one side. One nodule was not incorporated in the 
tumour. The difference in size between the taproot and the 
incorporated or other lateral roots is well shown. 

PI. xx., shows another but older stage of the same species; but, 
in this case, matters are complicated by the death of the seedling- 
stem. A few inches of the latter were in Mitu when the plant 
was found, but were accidentally broken off in packing-up a 
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number of specimens. The stump of it is just discernible in the 
photo. Ihere were a number of shoots, but, in this case, one of 
them took the lead, and was 0 feet high. At the base of it is a 
remarkable, encircling insectgall. At first, we took this to be 
a case of the fusion of pairs of axillary nodules on a tumour- 
shoot, followed by concrescence; and that it might bean example 
of what Tate meant, when he said seedlings and ‘'growths” have 
basal inflations. On cutting it transversely, four radial cavities 
were exposed, two of which contained living coleopterous pupae, 
one in each cavity; the other two contained only exuviae or 
excrement. Apparently, the mother-insect oviposited at intervals 
all round the base of the shoot. 

Of the twoadvanced seedlings of E. eugemoides in Plates xviii. 
and xix , the first has not yet got rid of the tumour shoots, which 
are situated at the back, as the specimen is shown. The other 
one had got rid of them; in this case, the death of the seedling- 
stem gave rise to complications. 

Tate, in his brief way, said that Non* Mai lees, which have 
basal inflations, grow out of them Apparently, he was relying 
on experience, and not speaking from observation. The only 
author who mentions what takes place, as far as we can find, is 
Ednie Brown, who in his 4t Forest Flora of S.A.”, under E . 
Uucowylon (Part ii,), says— u During the first two years of its 
growth, the plant has a low*lying or spreading habit, not at all 
prepossessing in its favour, when looked upon in the light of a 
future timber-tree. About the third year, however, a straight 
and upright 'leader' comes away from the centre of the apparent 
bush, which, after this, soon assumes the form of a promising 
young tree.” 

What is here described as a straight and upright leader, is 
simply the seedling-stem coming into its own, and getting rid of 
the tumour-shoots. Otherwise, if the seedling-stem is destroyed, 
two, strong leaders usually come away; that is two, tumour- 
shoots take the lead, as we have already pointed out, and as is 
shown in several of our Plates. 3 he author was apparently not 
aware of the presence of what Tate, some years afterwards, called 
the basal inflation of seedlings of this species. We should think, 
also, that he probably underestimated the age of his plants. 
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Malliu. 

The Mallee-Scrubs of the interior, where alone fruitful in¬ 
vestigation can be carried out, are remote from, and inaccessible 
to ub; and, consequently, our material for the study of the 
tumours of this group is very incomplete. Nevertheless, there 
is something to be learnt from it We regret that we have been 
unable to procure seedlings of the big Malices, such as E. olet*a % 
E. dumosa y and several others 

Plate xx. t shows four advanced seedlings of three species. 
Figs, he and 16 are seedlings of E. HrxeUt from the higher part 
of the Blue Mountains (about 3,000 feet), 2£-3 feet high, from a 
batch of seedlings, that we had had under observation for three 
years, from the time when they were too young to show nodules. 
The younger one (la) has five pairs of axillary stem-nodules, the 
concrescence of the three oldest pairs not yet completed. Ihe 
lengthening of the third and fourth internodes has kept the two 
upper pairs apart. Another example, about the same size, has 
a more complete concrescence of three or four pairs, then two 
incomplete pairs separated by the lengthening of the internodes; 
and above, two pairs, close together, followed by an incomplete 
pair; but all these are small, and there are no fusions among 
them. The older one (16) has a more complete concrescence in 
the aspect shown; but one nodule of the first pair is missing (at 
the back), and the encircling tumour is consequently lopsided, 
and smaller than it otherwise would have been. Three and a 
half pairs seem to be present, and a fifth, small pair, doing little, 
are indicated at a higher level. One shoot is present, and one 
root was in process of incorporation. 

Fig.2 is a seedling of E . Moorei , about 2 feet high, also from 
the Blue Mountains. The concresced portion, not quite complete 
at the summit, represents three or possibly four pairs. The 
uppermost pair is incomplete, the nodule at the back missing. 
We have younger seedlings of both species in various stages with 
up to five and six unfused pairs. We are inclined to think that 
the slow progress of the nodules of the seedlings of these two 
species is, in some degree, due to the low ground-temperature« 
and frequent frosts on the higher part of the Blue Mountains 
during the months of April-October. 
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Fig, 3 is a seedling of E. Jrulieetomm from Wyalong, for 
whioh we are indebted to Mr. Cambage—tbe only seedling he 
could find. We cannot make out tbe presence of more than one 
pair of stem-nodules, which fused on one side (in front, in the 
photo), but not on the other. The interval separating them at 
the back is about £ inch wide; and there is a depression at the 
top whioh is suggestive of the loss of a branch. The tumour 
bad about eight shoots, and there are three branches low down 
on the stem. No roots had been incorporated. One specimen 
is not enough to enable one to judge whether this is merely an 
exceptional case, or whether one pair is the usual number for 
this species. The “ Mallee-root " shown in PI. xxiv., also from 
Wyalong, likewise has a tumour of one pair not fused on one 
side. We do not know the species, hut it may perhaps be E. 
/rutieetorum; and represent the latest stage of a seedling like 
Fig.3. 

Plate xxi, fig.3, shows the most satisfactory example we have 
had from Wy&long (much reduced). This is a specimen of one 
of the email Whipstick Mallees (E. viridis) locally called Bluele&f- 
Mallee, For the stage at which it has arrived, it may probably 
be regarded as a fair example of a susceptible Mallee It is not 
as plump as it might be, but it was collected in a drought. It 
was trimmed for convenience in transmission to Sydney, but the 
following dimensions may help to understand its importance: 
stem-height above tumour, about 6} inches; diameter of stem 
above tumour, length of tumour, about 3}; diameter, 1|; 
diameter of taproot below tumour, fo The best aspect of it is 
shown; at the back, the downward growth is not so satisfactory 
as in front. The seedling-stem appears to be excentric because 
of the smaller development on the right side. It has two 
branches low down; and there are three tumour-shoots. Four 
lateral roots have bean incorporated; but they arc insignificant 
in comparison with the well-d^veloptid taproot. All the stem- 
nodules have been included; the concrescence may well represent 
five pairs; there is a cavity neat the summit* which appears to 
have been ca u sed by borer*. 

. FIg.l of Ft, **W shows the youngest of four examples ^of E> 
Jkhri*na t received from Wy^oag, Unfortunately, tbe stem of 
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every one of these was hopelessly damaged; and consequently 
the specimens are not typical examples, but they are all we can 
get. The youngest ( x \ about) has the seedling-stem broken off 
short, just above the level of the second pair of stem-nodules, one 
of which is now missing. The nodules of the first pair are back 
and front, and unfused, The posterior one has one shoot. The 
front one also had one, but this was broken off short. The 
surviving nodule of the second pair developed five shoots, the 
largest of which has two branches, and made good progress. It 
has fused with the nodules of the first pair, and has grown down¬ 
wards to much below the level of the first pair. This nodule and 
its shoots were keeping the plant going. 

Two older examples differ in age. The smaller has half an 
inch of the Btump of the stem left. There appear to be two 
pairB of nodules. The first pair made some progress, but did 
not fuse. One of them has three shoots, two of which are 5-6 
inches long. This nodule was keeping the plant going. One of 
the second pair fused with the nodule with shoots; the other 
made little progress. The bark on the nodules is very thick, and 
adherent. 

The larger one is more difficult to understand, as the stem is 
almost completely missing. There are shootB up to 10 inches, in 
two places, on the margin of wbat is left. There is one pair of 
futile nodules, one much better developed than the other, on 
opposite sides of what is left of the stem, which is about 1 inch 
thick. Both this specimen and the preceding one have a long 
piece of the root intact. The smaller one has two, nearly oppo¬ 
site^ lateral roots, and one above and one below these, not far 
away. But the larger one has three promising lateral roots at 
different levels, two on opposite sides of the taproot, and a middle 
one in a direction at right angles. An encircling tumour would 
have to make considerable growth before incorporating all of 
them. 

For the large specimen shown in FI. xxiii., in the natural 
position, as we think (rather than viewed with the taproot 
vertical), we are again indebted to Mr. Cambage. The best 
aspect of it is shown. A farmer, in grubbing u£ the plant, with 
One Mow from his axe, delivered just behind the base of the Mg 
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shoot shown in the figure, split off a large piece at the back, on 
which there was probably another shoot, situated on the right 
of the base of the dead seedling-stem. At the back, just to the 
left of the mark X on the photo, there is a longitudinal concavity, 
showing*the site* of the missing shoot The remains of the 
original stem, now exhibiting signs of decay, indicate that it must 
have been about 3 inches in diameter when it perished. The 
taproot is well developed One lateral root, with a branch, in , 
seen to the right. This can hardly be said to be incorporated. 
At the back, there are four roots or indications of them, one of 
which is incorporated, and one partially, while two others are 
too low down. The development of the shoot present evidently 
stimulated the growth of the tumour all round its base. The 
rest seems to have come to a standstill after the death of the 
seedling-stem. What strikes us about this specimen, is the 
paucity of shoots; and that there is not such a satisfactory 
arrangement of lateral roots, at about the same level, as is shown 
in the specimen in PI. xxi v. The loss of the seedling-stem doubt¬ 
less complicated matters, and makes the interpretation of this 
incomplete specimen difficult. 

E. Behriana is described as being sometimes a Mallee, 8-10 
feet high, and sometimes a tree up to about 35 feet high. Our 
four specimens seem to us to be more or less refractory cases, 
whose root-system is not quite like that of the typical Mallees, 
in respect of the main lateral roots advantageously situated for 
incorporation in the encircling tumours. If either or both these 
conditions occur often, such may be responsible for the fact that 
B. Behriana is sometimes a tree. This species is well worth in¬ 
vestigation with adequate material. 

Magarey,* in describing the method of the Blacks in obtaining 
water from the roots of the Mallees, says— “ The roots of these 
water-trees run out from the stem for 40 feet to 80 feet, and lie 
at a depth only of from 2 inches to 8 inches below the surface. 
The position of these lateral roots is frequently marked by a 
‘rise' or ‘bulge* of the soil right over the root. The roots are, 

* “Australian Aborigines' Water-Quest” Proa It Geog. of Aust, 
South Australian Branch, lit, p.07(MttO* Also Kept Aost Assoo. Adv.. 
Sol., vh, 1800, p»647* 
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easily raised. A native goes to a water-tree, and tries the ground 
at from 4 ft. to 6 ft. from the stem; or if guided by a ‘bulge* or 

a ‘crack/ finds the root at once” (p.69).“Each such 

mallee tree has usually from four or five to seven or eight side- 
roots running out from the stem at a few inches’ depth from the 
surface” (p.70). 

Plate xxii. shows a 11 Mallee-root.” We do not know the 
species, but it was one of the smaller ones, and may, perhaps, be 
E . fniticetorum. It is not a particularly fine specimen, but it is 
the only one we can got. In the absence of any published illus¬ 
tration of the kind, as far as we know, we make no apology for 
showing this one; as there is something to be learnt from it, as 
there is from any undamaged “ Mallee-root.” The specimen was 
placed on its side, and photographed from in front. The scale 
is shown by the rule at the bottom. We interjM$ this to be a 
case of a not quite completely encircling tumomfresulting from 
one pair of stem-nodules which fused on one side {at the top of 
the photo), but did not fuse on the other side; hence the breach 
in the continuity of the tufltour (at the bottom). There are four, 
important, more or less tiferisontally running, lateral, water- 
storing roots, two (at the top) coming off very close together; 
and two others (below) at a fairly wide angle. They are almost 
on the same level round the taproot. The tumour, composed of 
only one pair of nodules, was unable to encircle any of them 
completely; but it fused with the upper part of all of them, 
sufficiently, probably, to tap the water. The site of the seedling- 
stem is indicated by the light spot, which represents the posterior 
aperture of the hollow, flattened taproot, of which about six 
inches are left. The site of one shoot is well shown, over the 
lower lateral f$ot on the right. The rest of the tipper part of 
the tumour was so badly smashed, that it is difficult to locate 
exactly the situation of any other shoots that may have been 
present; but, notwithstanding the fact that the two upper roots 
are very close together at their junctions with the taproot* we 
believe that there was one over each of the other lateral roots. 
It seems* to us, a reasonable conclusion, that an uninjured, flour¬ 
ishing Malles will, as a rule, have as many shoots as there me 
lateral, water-storing roots wholly or partially incorporated in 
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the encircling tumour, aud that the former are situated over the 
latter. 

In an adult Mallee, the shoots and the Btem, if present, are 
all approximately the same height, and diameter. But in the 
seedling shown in PI. xxi., flg.3, the seedling-stem has so far 
maintained its initial lead. There must be some intermediate 
stage, therefore, when the shoots are able to overhaul the stem. 
Possibly this may come about when the lateral, water storing 
roots are sufficiently developed, to supply more water in the 
aggregate, than the taproot alone iB able to do. Such questions 
as these cannot be profitably discussed without satisfactory 
material, and observation on Scrub plants. 

F. Mueller, Maiden, and Cambage, and others, have recorded 
instances of Eucalypts of species which are ordinarily Mallees. 
sometimes being trees; but we have failed to find any explana¬ 
tion of such cases. From our point of view, it is not difficult to 
understand that infection may fail to take place occasionally, or 
that, from accidental causes, or because the individuals were re¬ 
fractory, it may have been followed by little in the way of results. 

The root-waterstoring arrangements of Eucalypts, whether 
Mallees or not, as well as of other Australian plants, in arid 
regions, are in need of scientific investigation. Little is known 
of this important subject, beyond what explorers, travellers, and 
early colonists gleaned from the Blacks, and have put on record. 
Naturally the Blacks ohose the roots of the big Mallees. 
But it is a reasonable supposition, in the absence of scientific 
evidence, that the smaller Wbipstiok Mallees also stored water, 
though not on a scale sufficient for the Blacks to attempt to 
exploit it. Inferentially, all the Mallees must have wateretoring 
roots, otherwise it is inexplicable how the tumours of the Mallees 
can keep their shoots, end,persi*t. 

Eucalypts may have water-storing roots, however,^ithout 
being Mallees. The only author^wbo mentions this IgP, that 
we are aware of, is K. H» Bennett. Tn his description of the 
method of obtaining water from Eucalypturoots, as practised by 
the Aborigines of the arid country between the Lachlan and 
jparling feivery be says "The Eucalypti consist of a gum (the 
*ths*F*oosed^ 1883, vifi./p.m ' 
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largest of the back country trees), a box, and a mallee. The 
first-named was the most preferred, as yielding the greatest 
quantity.” The name of the species is not given, but it is said 
somewhat to resemble “ the red gum in appearance—the leaves 
being narrower and of a silvery colour,” and to grow <*chiefly on 
sandy or light loamy soil, and throws out numerous lateral roots 
at a depth of from six to twelve inches from the surface of the 
ground.” As the Blacks could not get at the water in the water- 
charged tumours of the Mai lees, it is intelligible enough that 
they preferred to operate on the roots of a water storing Gum. 
Tt is desirable that seedlings of this species should be examined, 
so that it may be determined whether they are exempt from 
axillary stem-nodules, or refractory; or, if susceptible, how they 
are able to get rid of the tumour-shoots. Seedlings of some of 
the Eucalypts of Central Australia mentioned in Hpencer and 
Gillen's “Across Australia,’ 1 also are well worth attention, par¬ 
ticularly those of E. terminal™ and E . eudeamoidee, because these, 
perhaps, may be examples of water-storing Gums, like Bennett’s. 

We are not aware that analyses of the root-water of the 
Mallees have been published. Magarey mentions that, when 
freshly obtained, the root-water is clear, but that, aftev standing 
for some time, it becomes discoloured, and turbid (/.c, p.70). Is 
the turbidity merely due to a chemical precipitate on exposure 
to the air, or is it a biological phenomenon ? 

Another matter that is deserving of consideration is, the poa 
sible significance of the abundance of Lerp-manna on the foliage 
of some of the Mallees, at certain seasons and under certain con¬ 
ditions, as indicating the presence of some form of sugar in the 
sap, likely to be a source of nutriment to parasitic microbes. 
Particulars about its occurrence are given by Tepper, in the paper 
already mentioned; and in the Catalogue of the Victorian Kx* 
hibition, 1861, Report on Class.' iiL, p/26, under the head of 
» Manna.” 

PI. xxv., fig.2, and PI. xxvi., show views of two growing 
Mallees, with as much soil, as waa possible with pocket-knives 
and bands, scraped away from the base. The first and second 
of the three probably represent E* oletea. They were taken in 
the Scrub* 60 miles north of Adelaide, by Mr. A. G. Edquist, to 
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whom wo are indebted for them. The third, in which the hand¬ 
kerchiefs of the party formed the background, is of a Mallee 
(E. up.) at Wyalong, for which we are indebted to* Mr. W. J. 
Moffat, who also, most kindly, did his best to obtain seedlings 
at Wyalong for us, and who sent us the Mallee-root figured. 
The published illustrations of Mallees, that we have seen, fail to 
give any idea of what is out of sight underground. 

Akoophokas. 

We have obtained good series of seedlings of four species, A . 
oordtfoUa, A. intermedia, A. lanceolate, and A. snbvelutina . 
They are alike, in that they are somewhat refractory. The stem- 
nodules are slow in appearing, that is the incubation-period is 
longer than in the Eucalypts we know best. Some bush-seedlings 
of a batch, that were over a year old, showed just recognisable 
stem-nodules; but others showed nothing at all. Nevertheless, 
when they are old enough, it would be surprising to find them 
without some. The uodulos are not only slow in appearing, but 
they grow rather slowly after they do appear. Hence it is 
common to find examples on which only the first pair have fused 
(PI. vi., fig.l); and one of these often grows more than the other, 
so that the fusions are lopsided. Meantime, the internodes have 
had time to lengthen, so that, even if there were fusions of the 
pairs above the first, there is little chance of concrescences. We 
have some advanced seedlings, however, which show large and 
complete tumours. Anomalies are common. We have one 
seedling with six incomplete pairs, and nothing else. We have 
not seen young root-nodules, like those figured in three Euealyft 
seedlings; and we have not seen later stages of them in Euca¬ 
lypts. But we have examples of Angophora seedlings with what 
appear to he late stages, unmistakably on the root, and incor¬ 
porating roots. 

Though, in this paper, we are confining our attention to Euca¬ 
lypts and Angophoras, we may just mention that wc have speci¬ 
mens of about ten species of other genera which appear to be* 
similarly afflicted. We have been able to get young stages, with 
paired, axillary nodules, of some of them; hut it is difficult t<^ 
get young enough seedlings of the, cohere. We hope to offer 
some observations on these on another ocoasion. 
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List of Spsoirs, exempt or liable, as far as known. 

We give a list of the species of which we have seen seedlingSi 
or in two cases, of seedlings which have come under the notice 
of Mr. Cambage. We offer this list in the hope that biologists 
in the other States will investigate the condition of the seedlings 
of Eucalypts accessible to them, which we cannot get, and, 
especially seedlings of the Malices; and record their observations. 

Group i. t Exempt Species.— Six species are known to us at 
present —E. oreades from the Blue Mountains, E, pilularis, E. 
punctata, E. $p., from the foot of the Blue Mountains on the 
western side; together with E, gigantea Hooker (E. Delegating* 
R. T. Baker), and B. fastigata , both from the Federal Capital 
Territory [collected by Mr. Cambage]. We have obtained seed¬ 
lings of the first two in abundance; of the third, a fair number; 
of the fourth, only one, but it is a fine example. Mr. Cambage 
has kindly given us four examples of E. gigantea , and twelve of 
E. fastigata, most of them quite old enough to show that they 
are free from stem-nodules. 

The seedlings of these six species, as far as we have seen, are 
exempt from stem-nodules. We prefer to speak of them as 
exempt* rather than as immune, until their axillary conditions 
have been investigated, and inoculations carried out. The seed¬ 
lings of E. oreads*, as well as the two lots of Mr. Cambsge’s 
seedlings, up to the stage presented, are just ordinary seedlings, 
inviting no comment. But seedlings of E . pilularis, E. punotata , 
and E. sp., as they increase in site, invariably as far as we have 
seen, gradually come to show a pyriform thickening of the base 
of the stem (of the wood to some extent, but especially of the 
bark, as may be seen in transverse sections) over a distance of 
several inches, according to age. This is not pathological, and 
seems capable of a simple explanation. The capacity of the 
root-system of these seedlings for receiving the elaborated sap 
seems to be unequal to the capacity of the stem forddivering it; 
so that there appears to be a stagnation of the sap about the 
base of the stem, such as might be caused by a constriction or a 
cincture. The enlargement of the stem ends at its junction with 
the taproot, and does not involve the lateral roots. Transverse 
cracks appear in the bark, and flakes often come away, when 
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large specimens are dried, though the wood does not crack. But 
the large, composite tumours of seedlings liable to them, crack 
longitudinally, sometimes almost to the centre, when drying, as 
already mentioned. Mr. Oambage’s specimens are not old 
enough to show this development, if they have it in later stages. 

Group ii.—Two Blood woods, E . corymbosa and E eoctmia, 
which have but one effective pair of axillary stein-nodules, as a 
rule; though other unimportant ones may appear in late stages; 
but .the fusion of this pair, almost invariably fuses with an 
indefinitely located, unpaired nodule at a lower level; and the 
resulting, composite tumour extends downwards, partially qi* 
entirely surrounding the axis, and incorporating lateral roots. 

Group iii.—ttpeoies liable to attack, but susceptible or refrac¬ 
tory in varying degrees. This group will include all the Mallees, 
and the three species mentioned by Tate (E viminalis, E. ros- 
traia , and if. leucoxylon ), of which we have not seen specimens. 

County of Cumberland and the Blue Mountains.— E. Kcnmor 
stoma, E. tereticomu r, E. Deansi , E. saligna, E. maculosa , E. 
rubida, E. Luehmanniuna, E. squamosa, E. crebra , E. paniculala, 
E> nderophloia , E, sideroxylon, E. amygdalina, E . piperita , E. 
hemiphloia, E. longifolia (nursery-seedlings), E . resinifera, E. 
robusta (nursery-seedlings), E, eapitellata, E. eugentoides, E* 
Siebefiana, E. Moorei , E. etricta ; and seedlings of several species 
not identified. We have not been able to get seedlings of E 
botryoides and E. maculaia. 

Bernina and Moss Yale. — E. amygdaline E. corxaoea t E. dives, 
and E. Maeartkuri [all collected by Mr. Catnbage; who has also.< 
given as two specimens of B. eoriacea from Jindabyne, N.S. W*}. 
We are indebted to Mr. E. Cheel for a fine late stage of E. 
tiubevianaf from Hill Top- 

Marulan.— E. cinerea (Argyle Apple), apd fine seedlings of 
three unidentified epeciee locally known at Yellow B$x, Broad 
Peppermint, and Snappy or Britile Gum [collected by Mr. H. H. 
Solomon}. 

Wyalong, N.8.W.— B • Behriema, B, jbutimtorum, E. viridi* 
[oolleoted by Mr. W. J, Moffat and Mr. Cambage]. 

Queensland.—Axillary stem-nodules have been recorded by 
Mr. Oaabage on a seedling of A. pattidfalia? end he hae in* 
* Jcmro. Pro. B. Boa N. £ Wslse, xll*., p.4S0 (1010). , 
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formed us that he has a plant of B. pruinosa with stem-nodules, 
in his bush-house, raised from seed, which he collected in Tropical 
Queensland. 

West Australia.—A pot-plant of B. macrocarpa (PI. x., fig.6) 
which died; we are indebted to Mr. A. G. Hamilton for this 
specimen. We have seen a flourishing pot-plant of E.fictfolia , 
with two pairs of steru-uodules; but were unable to see how it 
compares with the two Blood woods referred to above, in respect 
of the presence of an impaired nodule. 

New Zealand.—In reply to a request, addressed to a friend 
in New Zealand, for information about Bucalypt seedlings laised 
from seed there, we were kindly supplied with five, representing 
as many species, from the nursery of T. Horton, Ltd., at Hast¬ 
ings or Pahiatua, we are not quite sure which. They are seed¬ 
lings, from 10-18 inches high, of species that we had not pre¬ 
viously seen. Three are labelled E. Qunnii , A\ globulus , and E. 
Stuurtiana, The first has two pairs of stem-nodules; the first 
pair nearly fused, and both have shoots; the stem was broken off 
just above the second pair. The second, though it is the largest 
seedling of the lot, has only one pair, unfused. The third has 
the first pair only, fused on one side. The fourth is wrongly 
labelled B . ooriacea, as the leaf-characters are different from 
those of specimens of this specieB, from two localities, given to 
us by Mr. Gambage. This has the first pair very large and 
warty, not completely fused; one of the second pair very small; 
and a third pair, very small, and unequal in sice. The fifth is 
labelled “ Ued-flowering Gum,” with an unfamiliar botanical 
name that we cannot trace in any list of Eucalypts, known to 
us. This has the first pair large, but not fused, on* with two 
shoots; a second pair, very small, one with a shoot; and the 
third pair still smaller. 

These are the first and only seedlings with stem-nodules from 
outside Australia that we have seen; or that we know of, except 
Mr. Clayton Smith’s Californian specimens, already mentioned. 
The interesting thing about them i*i that they show substantially 
what we are accustomed to see in Australian specimens. We 
have not seen any Tasmanian seedlings, but we shall expect to 
hear that seedlings of E* globulus in Tasmania are liable. We 
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appeal to biologists iu other countries, where Eucalypts are 
acclimatised, to examine seedlings for the presence or absence of 
axillary stein-nodules; and to record their observations. 

The problem, in which we hope our illustrations (certainly an 
advance upon what has hitherto been attempted, though there 
is scope for supplementing them), will arouse some interest, is 
not a simple problem, that can be solved by anyone single-handed. 
Even when the systematic botanist has done his share, the 
problem, in its entirety, requires team-work-- the active co-oper¬ 
ation of the field-botanist, the phytopathologist who is an expert 
bacteriologist, the morphologist, and the biochemist. The time 
is ripe for its consideration. The Mai lee Scrubs are steadily 
vanishing in the more accessible districts of several of tbe States. 
The investigations of Erwin Smith and some of his colleagues, 
on Crown-Gall, reported in detail as to technique, the histology 
of the tumours, Ac., and well illustrated/ are available for the 
bacteriologist as a starting-point. In addition, there are Erwin 
Smith’s 44 Bacterial Plant-Diseases” (3 vols. already published), 
besides his numerous papers on the subject of plant-tumours, as 
well as Clayton Smith’s paper; so that there is ample literature 
to begin with. 

In Coville and Macdougall’s 44 Desert Botanical Laboratory of 
the Carnegie Institution,” in Hornaday’s “Camp-Fires on Deseit 
and Lava,” and in Vols. xiii.,and xvi., of Contributions from the 
(J. S. National Museum, a number of characteristic, North 
American desert plants are described, and in many cases illus¬ 
trated. Some are said to have thickened, underground trunks, 
or to be shrubB with numerous stems from a single root, or with 
several steins clustered at the top of a thick, black root, or with 
numerous stems given off from a thickened root. Some of them, 
to us, are suggestive of the appearance and habit of the Austra¬ 
lian Mallees. If the seedlings of the most remarkable of thrm 
have not been investigated, we would call the attention of 
American botanists to tbe advisability of examining these, in* 
order to test the current interpretations of the adult conditkm; 

* “Orown<G*ll of Plants: its Gauss and Remedy," and “The Structure* 
and Development of Crown-Gall: a Pl*nt^panoer." Bulletin, Noe. 21S 
(Iflll) and 255(1912), Bureau of Plant Industry, U.8. Dept* of Agriculture. 
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and to ascertain whether any of them are comparable with the 
Australian- Malleus. 

We are greatly indebted to our correspondents at a distance, 
for their kindness and trouble in sending us such material as 
they were able to get. But we are specially indebted to Mr. 
Cambage, not only for material, but for bis valuable help in 
identifying a number of our seedlings, and in other ways* We 
have also to thank Principal Potts for the opportunity of getting 
samples of seedlings of four species from seed-hedBat the Hawkes- 
bury College which have been of great use to us; and to Mr. A. 
A. Lawson for help in completing our series of photographs. 
VorriyetuiuiH .—Page 191, line 31 for length read lengthen. 

EXPLANATION OP PLATK8 IV.-XXVI. 

FigH.Al, A2. - Nodules in axils of ootylcdon* (A 1 , corywho* i). 

PigB.Bl*B3 — Nodules in leaf axils (A hemiphioial 
Pigs.Cl, 02.—Nodule-shoots after injury to growing-points of aeedlitig- 
stemn (A’, hemiphloia). 

Plate v. 

(Upper row, right-left).—Ulactational series of five young seedlings, with 
from one to three pairs of axillary nodules (A htmiphlvi a). 

(Lower row).—Five similar seedlings of A md&'oxylon. 

Plate vi. 

Fig. I.~i Stem-eneireling tumour, with shoots {Anyophara (anctolata)', no 
roots incorporated yet. 

Pig-2.—Three pairs of axillary nodules (A. Urtikomk), 

Fig.ft.—Second-growth tumour-shoots with axillary nodules (A. nsmtftra), 

Plate vii. 

Miscellaneous, remarkable seedlings. (Left-right), 14, A eupemoirfcs; 4 
and 6, A piperita*, fi and 7, A hmmaHoma\ (nat. site). 

Mate viii. 

Four anomalou* seedli ng s (a, A rtdnifem bl, b2, A htmiphloiai o, A 
. t site- 

Plate ix. 

Refractory seedlings (A *oh*rio) with from one to six, futile nodules; (nat 
eiae). 

Plates. 

Another series of rafraotory see dfing i (Left-right); a, A robwtoi b, A 
maerocarpai ol, ofi, A kmpffbim (net, site). 
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Piste si. 

(Left-right), 14, E> corymbo*a; 5-8, B. eximia; (a, cotyledonary, axillary 
nodules; x, unpaired nodule; )*.*., root-nodule); nat. size. 

Plate xii. 

(Left-right), three root-nodules, (E, hemiphloia); 2, two tumour-shouts 
with axillary nodulea (if. piperita ); three examples of failure, on 
the part of the nodules, a', to oapture the buds, ax, «A., (if. 
eugentoides). 

Plates xiii.-xvii. 

E. ^tderory/on-series, continued from the lower figure of Plate v. (See 
pp,216-219), 

Plate xviii. 

E. engtnioidt *; belated, axillary atem-noduleB at nine levels, in addition 
to the oonoresoenee (a); ( x J). 

Plate xix. 

if. tttgtniaidee: a belated atem-nodule (A2) and its main shoot, getting 
their ohauoe on the death of the aeedling-atem 

Plate xx. 

A\ tereticorni*: enoiroling insect-gall on large tumour-shoot (after the 
seedling-stem perished); nat. size. 

Plate xxi. 

Fig.1.— E* Behriana (sometimes a tree). 

Fig.2.—Non-Malice ( E . Urtlicomie); last stage. 

Fig. 8.—A Malice (if. nridis). 

Plate xxii. 

Mallees: la, lb, B, frusta; 2, E, Moorti; 3, E. frulictUmim. 

Plate xxiii. 

Tumour,of K, Behriana; ( x |). 

Plate xxiv. 

A amaU “MaUee-Koot" from Wyalong, N.8.W. (E. sp.). 

Plate gxv. 

Flg.1.—Seedling of if. tertticomis, with nodule-shoots, and preoooioua 
branching. 

Fig*2.—A Malice (if. ofaomtl); photo taken SO miles north of Adelaide. 

Plate xxvi, 

Fig.1.—A nearer view of the basal portion of the MaUee shown in Plate . 
xxv., fig,2; the soil has been scraped away from the base. 

Fig.2.—Basel portion of a MaUee (if. sp.)et Wyalong; the soil has been 
scraped away. White background furnished fay handkerchiefs, 
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ORDINARY MONTHLY MEETING. 

Mat 29th, 1918. 

Professor H. G. Chapman, M.D., B.S., President, in the Chair. 

Letters were communicated from Professor S. J. Johnston, 
returning thanks for congratulations on his appointment to the 
Chair of Zoology in the University of Sydney; and Dr. A. B. 
Walkom, returning thanks for congratulations on his attaining 
the Doctorate of Science. 

It was resolved that the congratulations of the Members should 
be tendered to Dr. T. Griffith Taylor, of Melbourne, on the award, 
to him, of the David Syme Prise for 1918. 

The Donations and Exchanges received since the previous 
Monthly Meeting (24th April, 1918), amounting to 10 Vols., 43 
Parts or Nos., 7 Bulletins, 2 Reports, and 7 Pamphlets, received 
from 42 Societies, and two private donors, were laid upon the 
table. 


NOTES AND EXHIBITS. 

Mr. Fred Turner exhibited a specimen of Pennintuvi longi * 
tiylum Hochst., an Abyssinian grass now acclimatised in the 
neighbourhood of Ohatswood. More than twenty-five years ago 
the exhibitor found this highly ornamental grass near the old 
battery in the Sydney Domain, but the plants were afterwards 
destroyed during the levelling of the ground, after the removal 
of the cannons. 

Mr. Froggatt exhibited an immature specimen of the Spiny 
Stick-Insect, ExUUowna tiaratnm Mach, from Rollings Plains, 
N.8.W., a remarkable example of protective mimicry. Also 
specimens of a o6mmon grass in the Holbrook district, N.8.W., 
very thickly infested with the larv» of a Omdomyia fly, allied 
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to the Hessian Fly. Inspector F. F. Foster, of the Stock Branch, 
who collected the specimens, reports that it is very abundant. 

Mr. Basset Hull showed a small collection of Land and Fresh¬ 
water Molluska, obtained by Gunner F. B. Hull at various points 
in France, on the Western Front, 

Mr. K. Cheel exhibited a series of specimens.—(1) Seedling- 
plants of Hakm dactyloide* and Bank$ia serra(a from Hill Top, 
Main Southern Line, and specimens of roots from full-grown 
plants of Grevillea montana from Hill Top, and <7. punicea from 
the Sydney District, to show their peculiar roots, which exhibit 
an excessive production of small, fibrous roots, originating, at 
intervals along the main roots, in clusters, somewhat resembling 
the “ Hairy-root Disease of the Apple-tree”; these are being in¬ 
vestigated for Mycorhiza. — (2) Seedling-plants of Tephroria 
yrandiflora , which have a simple ovate leaf, followed by a tri¬ 
foliate leaf, then u pinnate leaf, although only about 2 inches 
high; they have comparatively large, triangularly-shaped nodules 
on the rootlets, measuring from 5-7 mm. across.—(3) Two forms 
of Oxalis comiculatu*, with the following distinctive characters: 
(a) Plants with small, pale gre%n leaves, and small, lemon-yellow 
flowers: ( b ) Plants with larger leaves, which, together with the 
stems, are of a purple or bronze-green colour, and eaoh petal 
more or less spotted or splashed at the base with four purplish 
marks. Corolla slightly larger, and of a deeper yellow than 
those of (a). It is interesting to note, that Bigeroka Nohara, in 
a paper entitled “Genetical Studies on Ojuriis” (Journ. College 
of Agric. Imperial University of Tokyo, vi.,p,165, 1915), has 
come to the conclusion that 0 . corniculata is a composite species, 
which, so far as his investigations, extending over a period of 
about six years, have shown, includes at least four different 
biotypes. The plants common in' the Sydney Distriot agree in 
some respects with those in the neighbourhood of Tokyo, but 
the small-leaved form seems somewhat different from those men¬ 
tioned by Nohara. - (4) Specimens of 3ubu$ kurinutiui Willd., 
commonly known as the '*Out-leaved or Parsley-leaved Bramble,” 
from near Keymond Terrace, collected during a recent visit to 
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Newcastle. The plants are fairly common along the roadside, 
about five miles out on the Gloucester Road, and do not appear 
to have been collected since January, 1882, when the late Mr. 
E. Betche obtained specimens at Gloucester.—(6) Examples of 
Rota bracteata Wendl., from near Raymond Terrace. Specimens 
identical with the above were exhibited, and recorded from 
Kemble Grange, Cook’s River, and Armidale (These Proceedings, 
1912, p.137; and 1916, p.633), under the name Rota turbinata 
Ait.; but further investigation shows that, although they are 
identical with specimens in the National Herbarium from Mont¬ 
pellier under the latter name, the determination is erroneous.— 
(6) Fresh specimens of Styphelia tubijiora, from Cronulla, show 
ing variation in the colour of the flowers, from creamy-white in 
some plants, pink and oream in others, and the normal blood-red. 
Although the individual plants showed the above-mentioned 
distinctive colours, they were growing within a radius of 1ft feet 
of each other, and were very marked. 

Mr. Hedley showed a photograph of the cenotaph in memory 
of Major A. 0. Inues (ob. 1867), and Mrs Innes (nde Margaret 
Macleay, daughter of Alexander Macleay: ob. 1868), in the old 
church at Port Macquarie. References to Major and Mrs. Innes, 
and to their home at Lake Innes, in 1836, will be found in James 
Backhouse’s “ Narrative of a Visit to the Australian Colonies," 
p.406 (1843). 

Mr. A. G. Hamilton communicated some particulars about 
so-called “glow-worms,” probably larva of a Tipulid fly, found 
on damn rooky ledges on the banks of a oreek near Bundanoou. 
They an said to be found also in deserted coal-mines. 

Mr. Waiter a visitor from Adelaide, called attention to the 
first Part of the Records of the South Australian Museum, at 
Adelaide, recently issued. 


[Printed off, June J7tb> 1918.) 
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ON THE SEASONAL DISTRIBUTION OF SOME 
QUEENSLAND SPECTES OF ARC,ELLA Elmmberg. 

Bv C. I>. OfLLIKS, M.8c\, HlOLOfiY Bkpaktmknt, University op 
Queensland. 


(Commmtirfifed hy Dt\ 7\ Ifnrvey John*fon.) 

(With four Text-figures). 

(1.) General 

The Rhizopodan genus A rcell a Ehrenberg, is represented in 
the fauna of freshwater pools of Queensland so far investigated, 
by foui well differentiated forms, viz, A, rnlyaiin Ehr., A. c/iff- 
coides Ehr., A. mitrata 1 *eidy, and A. artocrea J^eidv. On account 
of the present condition of Rhizopodan taxonomy, these terms 
are to be interpreted in this paper as follows : — 

A. vulgari* Ehr., small, hemispherical forms in which the test 
may be either smooth or gibbose, 

A. distoides Ehr., flat, disk-like species, with the alveoli of the 
test very small. 

A. mitrata Leidy, test normally polygonal; alveoli conspicuous; 
pylome with a double invagination. 

A. artocrea Leidy: under this appellation is included a number 
of large forms in which, typically, the basal portion of the test 
is rim-like. This feature ranges from being well developed to 
absent, but, In a series, there is no questioning the identity of 
the latter variant in spite of the loss of the rim. The fundus of 
the test is hemispherical, and the alveolar markings are con¬ 
spicuous. These forms may be regarded as the Queensland 
representatives of the species described by Leidy under this name. 

A. dintata Leidy, has not been observed, though it has been 
searched for. This may be on account of its rare occurrence, for 

17 
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Leidy [(2) p.l77|, Kofoid [*1) p.100], and Waites [(8) p.129], all 
refer to ita scarcity. 

In this paper are presented the results of a preliminary inquiry 
into the seasonal distribution of the four forma met with in 
Queensland. The various collections examined were preserved 
in weak formalin, and, for identification and counting, an ocular 
of medium power, and a 2/3 objective, usually were found suffi¬ 
cient. In this investigation, any Arcdln -test not containing the 
organism was rejected. 


Data. 

(I). Brisbane Botanical Gardens. 

These observations, extending from September 29th, 1916, to 
29th December, 1917, have been made by the monthly examina* 
tion of material from a lagoon near the old Bird-House. Gather¬ 
ings were usually taken about the end of each month, but, on 
6th October, 1916, and 12th September, 1917, supplementary 
material was obtained, and, to avoid as much as possible the 
introduction of disturbing factors, tho collections were made 
near the northern extremity of the major axis of the lagoon, 
which is elliptical in shape. 


(a) 29th Sept., 1916. 
Actual No. 


(b) 6th Oct , 
Aotual No. 

1916. 


counted. Percentage. 

counted. Percentage. 

A . vulgaris ... 

i 

2-6 

0 

0 

A. discoidet ... 

3 

7-6 

0 

0 

A. miirata ... 

2 

6 

16 

16 

A. arioerea ... 

34 

85 

84 

84 



— 

, .... ■ 

___ 

Total ... 

40 

100 

100 

100 

(o) 30th Oct., 1916. 


(d) 28th Nov, 

, 1916. 

A. vulgarit ... 

0 

0 

0 

0 

A. discoidet ... 

1 

2 

43 

86 

A. miirata ... 

20 

40 

7 

14 

A. arloerea ... 

29 

68 

0 

0 


—... 

— 


-in 

Total ... 

60 

100 

60 

100 
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(e) 28th Dec., 1916. 


(() 30th Jan., 

, 1917. 


Actual No. Percentage. 

AotuAl No. Percentage. 

A. vulgaria 

74 

71-85 

84 

84 

A. diacoides 

5 

4-85 

0 

0 

A. mitrata 

20 

19-42 

13 

13 

A artocrea 

4 

3-88 

3 

3 

Total 

103 1 

100-00 

100 

100 

(g) 28th Feb., 1917. 


(h) 29th March, 1917. 

A . vulgaris 

37 

37 

67 

67 

A. diacoides 

1 

1 

2 

2 

A . mitrata 

8 

8 

19 

19 

A artocrea 

54 

54 

12 

12 

Total 

100 

100 

100 

100 

(i) 2nd May, 1917. 


(j) 31st May, 1917. 

A, vulgaris 

71 

71 

77 

77 

A . diacoides 

4 

4 

5 

5 

A . mitrata 

19 

19 

10 

10 

A. artocrea 

6 

• 

6 

8 

8 

Total 

100 

100 

100 

100 

(k) 23rd Jane, 1917. 


(1) 1st Aug., 

1917. 

A . vulgaris 

41 

40-60 

31 

62 

A. discoidns 

0 

0 

3 

6 

A. mitrata 

43 

42-57 

8 

16 

A. artocrea 

17 

16-83 

8 

16 

Total 

101 

100-00 

50 

100 

(m) 31st Aug., 1917. 


(n) 12th Sept., 

, 1917. 

A. vulgaris 

82 

82 

35 

70 

A . diacoides 

0 

0 

0 

0 

A . mitrata 

1 

1 

4 

8 

A . artocrea 

17 

17 

11 

22 

Total 

... Too 

Too 

50 

Too 
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(o) 28th Sept., 1917. 



Actual No. 

Percentage. 

A. vtUyaris ... 

3 

21-43 

A % diacoidts ... 

L 

714 

A . mitrat-a 

3 

21-43 

A t artocrea ... 

7 

5000 

Total ... 

14 

10000 


Only 14 A reel lie were counted on this occasion, consequently 
the percentage values are not so significant as in the preceding 
tables. 

<p) 2nd Nov , 1917. (q)30th Nov., 1917. 

Actual Nu. Percentage. Actual No. Percentage. 


A. vulyavt* ... 

6 

18-18 

1 

20 

A. diacoidea ... 

3 

909 

1 

20 

A.mitrata ... 

15 

45 45 

2 

40 

A . artoerea ... 

9 

27-38 

1 

20 

Total 

33 

100-00 

b 

Too 


In figs. 1 -4, the lines connecting the values of this date with 
those of 2nd November on the one hand, and 30th December on 
the other, are broken to indicate that* littje importance should 
be associated with them, as the total number actually counted is 


too small to convey much meaniug. On this occasion, A reel la? 
for counting were extremely rare. 

(r) 29th Dec., 1917. 

Aotual No. Percentage. 

A. vulgarii 

26 

52 

A. diecoidee 

0 

10 

A . mitrata 

14 

28 

A. artocrea 

5 

10 

Total 

50 

Too 

(2). Locality, Bribie Island. 

Date, early in April, 191ft. 

Aotual No. Percentage. 

* A . vulyaru ... 

23 

60-63 

A.mitrata ... 

16 

3247 

Total ... 

38 

100-00 
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(3) . Locality, Beerburrum. Date, 29th June, 1917. 
Two living Areellie observed, both A. vulgaris. 

(4) . Locality, Chelmer. Date , 29tb Aug., 1917. 

Eight living Areellie observed, all A. vulgaris . 

(5) . Locality, Oraceville. Date , 29th Aug. t 1917. 
Twenty-three living Areellie observed, all A . vulgaris, 

(6) . Locality, Cooroy. Date , 6th Oct,, 1917. 

Fifty living Areellie observed, all A, artocrea. 

(7) . Locality, West Burleigh. Date , October, 1917. 
Twenty-three living ArcelleB observed, all artocrea. 
(6). Locality, Maryborough. Date, 24th Nov., 1917. 
Twenty-two living ArcelleB counted, all A. vulgaris. 


tes 



Oct No* Dot Jaa Fth Mae 4pl May Stp. Oct.JW Dm, 

Fig. 1.—Percentage-frequency of Arcetfa vulgaris in Arcellan fauna. Brisbane 
fiotanioal Gardens: 8ept 29tb, 1916, to Deo. 29th, 1917. 


(3.) Conclusions. 

Figs. 1-4 are graphical representations of the data given in 
Table i., an 4 each species is graphed separately. It will be seen 
that the polygons are constructed on percentages. In taking 
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the observations, when the Arcellie were sufficiently abundant, 
100 counts were made; but, on a number of occasions, this was 
not done through the scarcity of the genus, the extreme case 
being in connection with the gathering of 30th November, 1917, 
when only five counts were recorded. 

Fig.l, A. vulgaris. The graph shows two primary minimum 
periods (29th Sept-28th Nov., 1916, and 28th Sept.-?Nov., 1917), 
and a long maximum period (28th Dec., I916-12th Sept., 1917) 
with three secondary maxima (30th Jan., 31st May, 31st Aug., 
1917), and two secondary minima (28th Feb. and 28th June, 
1917). The highest point of the curve is 84% (28th Jan., 1917), 
mid the lowest zero (6th Oct., 30th Oct., 28th Nov., 1916). 


too, 

1*. 

to. 

1°- 
kO. 

SO. 

f* 

30. 

10 . 

to. 

0 . 

Oct Nov. Dec. Jan. fab. Mu Apl. Jun. Jul. Aug. Sep. Oct. Nov. Dec 

Fig.2»— Peiventage-frequency of A. tfiscoides in Aroellan fauna. Brisbane 
Botanical Gardens: Sept 29th, 1916, to Deo. 29th, 11)17. 

It seems probable that the primary maximum and minimum 
periods are typical for the species in Southern Queensland, 
because, in the occasional material collected in the maximum 
period Dec.-Sept., the dominant form is A. vulgaris (see Bribie 
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Island, Chelmer, Gracevillc, Beerliurrum, and Maryborough).* 
Furthermore material gathered during the minimum period 
Sept.'Dee., shows a different dominant form (see Cooroy and 
West Burleigh). A feature of considerable importance in this 
connection is, that the most southerly and the most northerly 
locality ure altout 190 miles apart, viz., West Burleigh and 
Maryborough 

Fig.2, A, disuoides. The values in this graph are mostly small, 
and, out of eighteen observations, eleven range from 0 5% (6th 
Oct,, 30th Oct., 28th Dec., 1916; 30th dan., 28th Feb., 29th 
March, 2nd May, 31st May, 28tli June, 31st Aug, 12tli Sept.i 
1917). There is only one prominent maximum (86%, 28th No\., 
1916). 

Until more data are collected in the case of this species, and 
of A. mil rain, it is considered premature to draw conclusions, 
though there is reason to believe Noveiul)cr is a maximum period. 



Oct. Ntv. Dae. Jm. F«k Mar Apt May Jun. Jwl. Aajt Sap, Ott, Nett Dae. 


Flg.3.— IVroentago-frcquvnoy of A ■ mkmta in Aroollan fauna. Brisbane 
Botanical (iarrfens i Sept. 29th, 1916, to Doc. 29th, 1917. 


Fig.3, A . mitratn. Three maxima are present (30th Oct., 1916; 
28th June, 2nd Nov., 19J7) and of these, two (30th Oct., 1916, 
and 2nd Nov,, 1917) occur during the maximum period of A . 
vulgaris* On only one occasion did the percentage fall below 
5% (1% 31st Aug., 1917). It is the most consistent form of the 

* 24th Nov. is sufficiently near Deoember to be inoluded in the maximum 
period. 
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four, as it occurs throughout tlie year, and its numerical range 
is the least («v* Table ii.). 



TvilliK 1). 




H igiuwt \ aluoH. | 
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LoweNt \ jiIih*n. 

Kangc. 
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*4, t Imcoith* 
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<»°; 
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k.-.v (.jm.il 
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Fig.4. -Peiwiitagc-frequenoy of A. orformt in AraelUu fauna. Urwhane 


JioUnicfti Wardens: Sept. 29th, 1910, to Doe. 20th, 1017. 

Fig.4, A. nrtocrea* Three inaxium are present (29th Sept, 
1916, 28th Feb., 28th Sept., 1917), the highest point of the 
curve being 86% (29th Sept., 1916), while the lowest is zero (28th 
Nov., 1916) The period Septeinber-Octuber seems to be a, 
dominant one for this form in Southern Queensland, as it includes 
two of the maxima, viz., 29th Sept., 1916, and 28th Sept., 1917;, 
and in material from (Jooroy and West Burleigh (see 6, 7) gath- 
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wed in October, 1917, the only living Amelia present were A. 
arloerea. Furthermore, the two localities are about 130 miles 
apart. Again in the occasional material collected outside the 
period SeptemberOctober [tee (2), (3), (4), (5), (8), the dominant 
form is A. vulgarie, not A. artocrect. 

It is hoped by the collection of more data that deductions may 
be made in connection with A. dieooidet and A. mitrata, as well 
as in supplying confirmatory evidence in regard to A. vulgarie 
and A. artoereu. 
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ON THE J jE AF-AN ATOMY OF SC JS VOL A VHASSIFOLIA, 

WITH SPECIAL REFERENCE TO THE EPIDERMAL 

SECRETION. 

By Maiuokik Isabel Collins, B.Sr., (Svo.), Demonstrator in 
Botany, thk University of Adelaide. 

(Plates xxvii.-xxviii., and mix Text-figure.) 

Introduction. 

Scatvola crat*8\t'olia forms a prominent element in the sand-dune 
flora near Adelaide, where it occurs in association with Spinifex 
hirsutus , with such shrubs as Olearia axillaris , Leuoopogon 
Hickeiy etc., and with smaller plants such as Pelargonium aus¬ 
tralLotus australis , (Enothera biennis (introduced), and Seneeio 
lautus (3, p.584). 

In habit, S. crassi/olia is a low, spreading shrub, which is 
able, by lateral growth, to occupy large areas of thu dune. Its 
older woody stems form a dense undergrowth, in which a quantity 
of blown sand and dried leaves of Posidonia are accumulated, 
thu6 helping to build up the dunes. 6*. crasstfolia is able to 
survive burial in sand by an upward elongation of the stem, and 
by the development of adventitious roots. 

Owing to the extreme stickiness of the buds and young leaves, 
the varnishing or lacquering of the surface of older leaves, the 
dullness of surface, and the succulence of mature leaves, it was 
thought that an examination of the leaf-anatomy would prove 
interesting. The investigation was carried out in the Botanical 
Laboratory of the University of Adelaide, at the suggestion of 
Professor Osborn, to whom I am much indebted for his constant 
help and encouragement. 

Summary or Previous Investigations. 

Despite its particular interest, the N.O. Goodeniace® has 
received but seant attention at the hands of botanists. As early 



248 


(.RAF-ANATOMY OF SC\«VOLA CftASSIFOLJA, 


as 1876, Vesque(5) published an account of the anatomy of 
Goodenia ovata , which, however, was restricted to an investiga¬ 
tion of the anomalous stein-structure. With this, he compared 
the stems of Scasvola crassifofin, *S. Plumitri, S. microcarpa, and 
S. epineecens, but there is no investigation of leaf-anatomy in 
any of these species. 

In the Systematic Anatomy of the Dicotyledons (i., p.471), 
Solereder gives a brief account of the leaf-structure of the 
Ooodeniaceas, Imsed upon his own observations of Goodenia 
ovata i Sillier a radican^ Scawola Plumteri, and Dampiera 
Brwmiii and upon those of Briquet in the case of /imnonia. 
He records that the stomata may occur upou both surfaces, or 
upon the lower surface only, and that the number of subsidiary 
cells, when theBe are present, is four, two of which are placed 
parallel to the pore, the other two being applied to the narrow 
ends of the guard-cells. In form, the leaf is found to be typically 
bifacial, as exemplified by Dampiera /frowuit, but is sometimes 
centric, as in Sceevola PtumUri. Silicitied groups of cells are 
common, in the formation of which certain epidermal and the 
adjacent mesophyll celU take part. As well as the ordinary 
clothing-hairs, which are characteristic of most members of the 
Order, peltate, glandular hairs have been observed in Goodenia 
ovata and Smvola Plamieri . These are described as being 
“ shortly stalked, peltate glands, the shield of which consists of 
a few cells separated by radial walls.’ 1 

The above account is a summary of our present knowledge of 
leaf-anatomy iti the Goodeniacece. It is interesting to note that, 
in none of the plants hitherto investigated, has any copious, 
epidermal secretion been described. In S. cra$$tfolia A however, 
the buds and young leaves are coated on both surfaces with a 
thick layer of sticky resin, which is secreted by numerous, 
stalked, glandular hairs. 

The secretion of mucilage or resin, or both together, has long 
been recognised as a method of bud-protection. Groom (2) has 
given an interesting account of the mucilage- and resin-secreting 
organs of buds. This work U restricted to those plants which 
bear collators” or “villi” on the stipules. These 44 colleters,” 
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which are almost invariably pear-shaped, multicellular bodies, in 
which a peripheral palisade-layer secretes the mucilage or resin, 
are only functiouul in the hud, and fall oft* with the stipules. 
Only in one case —that of Wormia /far6tdyn(Dillcniace&)' does 
Groom record an instance of the secretion being derived from 
glandular hairs on the leaves themselves,.but, of this, no descrip¬ 
tion is given. Vblkens(6), however, has described many plants 
in which the secretion is not only derived from glandular hairs 
on the leaves themselves, but is also produced for a long period 
of time, sometimes til) maturity of the leaf. It is to Volkens 
that we owe what knowledge we have of >( leaMacquering ” as a 
xorophytic adaptation. 

in the present investigation, the development of the leaf is 
traced from the earliest stages to the mature condition, with 
special reference to the glandular covering in the juvenile state, 
the function, and fate of its secretion. 

Mokpholouy or thr Shoot. 

A shoot of SctBvola c man folia is characterised by the \ertical 
arrangement of the leaves, which is consistent from the leaves in 
the bud to those farthest away from tlrt* growing apex. The 
leaves arc all ovate, more or less toothed, petiolate, the base 
being closely applied to the stem on its upper side. The leaf- 
teeth are more marked in the bud and young leases than in the 
mature leaves, in which they are often obliterated by secondary 
increase in thickness. The terminal bud is small, and, during 
the growing season (August to October, the Spring months about 
Adelaide) it is hidden by the rapidly expanding young leaves. 
Later, when this activity ceases, the bud is hidden at the base 
of the most distal leaf. The leaves in the bud are not folded 
about one another; they are opposite and vertical, the morpho¬ 
logical upper surface of one leaf being closely glued to the upper 
surface of the next youngest leaf. 

The whole growing region of the shoot in S. cratrifoHa is 
covered with a stieky secretion, which gradually dries up farther 4 
away from the stem-apex. As the leaves become expanded from 
the bud, they increase rapidly in •surface-area, and later lose 



200 


LEAF-ANATOMY OF 8CAVOLA CKA88IFOLIA, 


their extreme stickiness. They are, At this stage, characterised 
by glistening patches of drying secretion, which give them their 
varnished or lacquered appearance. 

The mature leaves are large, thick, and succulent, and present 
a dull surface. Despite the fact that the secretion tends to dry 
up on the expanded portion of the older leaves, the leaf-base is 
always distinctly sticky, even in the mature leaves. In this 
manner, the axillary buds are oovered by secretion. 

The young flower-buds are borne in dense, terminal spikes. 
As is usual in the Goodeniacea, the calyx is inconspicuous, and 
the corolla protects the essential parts of the flower. In 8. 
cra 99 \folia % each flower is situated between two bracteoles, and 
is subtended by a bract, which is glued to the exposed surface of 
the bud by means of its sticky secretion. The glandular hairs, 
from which the secretion is derived, are of the same nature as 
those on the leaves. 

DISTRIBUTION OP THK ACTIVKLY S EC RETINA G LANDS. 

It is in the buds that the glandular hairs reach their maximum 
development. Upon examination of a section through the apex 
of a shoot, it will be seen that the rudimentary leaves, even 
before they are completely differentiated from the stem-apex, are 
provided with numerous, closely-set, mature, actively secreting, 
glandular hairs. These hairs are more abundantly developed on 
those surfaces which are exposed earliest. In the bud, there is 
a continuous production of glandular hairs, the various stages in 
development being found mingled with the mature glands. These 
developmental stages are not restricted to the youngest portions 
of the bud, nor to any particular part of the leaf, but, as will be 
seen later, apparently any epidermal cell up to a certain stage in 
development, may form a gland (PI. xxvii., fig.l). In this 
manner, new glands are provided to keep pace with the increase 
in surface of the leaf, the secretion of which will prevent the 
sticky coat from being broken at any point. 

Once the young leaves are freed from the bud, glandular hairs 
are no longer formed; upon such leaves only, the mature con¬ 
dition is found, The distance between these glands tends to 
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increase as the leaf-surface increases in area by the differentia¬ 
tion of the leaf-tissues. Tn the older leaves, the glands lose 
their activity, except as mentioned above, in that region where 
the leaf-base clasps the stem. There, the glands remain active 
throughout the life of the leaf. A section through this region 
shows an abundant development of glandular hairs of the same 
nature as those on the young leaves. By the activity of these 
glands, the axils of the leaves are filled with secretion, and pro¬ 
vision is made for the protection of the axillary buds. At the 
junction of the stem and leaf-base is a circlet of long, multi¬ 
cellular clothing-hairs (PI. xxvii., fig 2;. These were tested for 
resin and mucilage, with negative result. 

Thk Development of the Glands. 

That the glands are hairs, is evinced in the manner of their 
origin from a single epidermal cell. Any epidermal cell may 
form a gland. The cell on larges, the nucleus divides, and a 
horizontal wall is formed separating two cells, the uppermost of 
which becomes considerably enlarged and spherical in outline 
(Text-fig. 1,a). A second, horizontal wall cuts off the rudiment 



Text-flg. 1 .—Stage# (a-g) in the development of the glandular bain; (x 530). 

of the stalk at the base of the ipherieal cell, which latter ia 
destined to become the head-cell of the gland (Text-fig.1,6), At > 
this stage, either s second stalk-cell is formsd (Text-fig.l,e), fol- 
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lowed by a median, vertical division in the head-cel) (Text-fig. l,c), 
or the latter division takes place Ixrfore the formation of the 
second stalk-cell (Text-fig. I,tf). A third stalk-cell is now formed, 
either preceded or followed by the ultimate divisions in the head, 
cells (Text-fig. 1,/, y). t 



a b 

Text-fig. 2: a, surface-view of a mature xlnnd; /», part of section through 
young leaf, to show crowding of inntuir glands anti overlapping of 
shields; (x ASO). 

The head of the mature gland forms a shield of eight cells, 
only four of which are seen in transverse section (Text-fig.2,n). 
The shield, which is ultimately reflexed at the sides, is borne 
upon a stalk of three tiers of cells, the two lower tiers being 
composed each of a single cell, while the upper is composed of 
two cells, which grow out laterally to support the head-cells 
(Text-flg.2,6). 

Thk Nature of thr Skcrktion. 

The secretion, which covers both upper and lower surfaces of 
the leaf, is a yellowish, translucent, homogeneous substance, 
which is soluble in alcohol. It is very sticky when fresh, and 
gives the characteristic red colouration of resin when tested with 
Alkanna root-extract. A test for mucilage, carried out with 
oorallin-soda, gives a negative result. The secretion reaches its 
maximum thickness in the bud, every available space between 
the young leaves being filled up. This fact, which is probably a 
mult of the continuous production of glands in the bud, indicates 
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that the secretion of resin in S . crasnifoHa is primarily concerned 
with hud-protection. 

Tiie secretion is still mobile upon the young leaves outside the 
bud, but since no new glands are being formed to keep pare with 
the increase of leaf-surface, it becomes spread out over a greater 
area and, consequently, more attenuated. The thickness of the 
Aim of secretion varies in different parts of the same leaf, in 
leaves of different age, and in different plants. It often reaches 
a thickness nearly twice the height of the glands, i <?., ab.»ut 
7fy*. (Pi. xxviii., flg.3). 

In the older leaves, the glands lose their activity, the secretion 
becomes less mobile, and, in drying up, cracks along radiating 


lines. Tt is at this stage that 
the leaves present a lacquered 
appearance. The glands, being 
no longer functional, cease to 
grow, whilst the neighbouring 
epidermal cells enlarge consider¬ 
ably, and, as a result, the glands 
ultimately appear to be sunken 
(Text-fig.3). The dried secre¬ 
tion falls off when the leaf 



reaches its succulent condition, Text-fig.3.—Sunken, glandular hair in 
small patches, of negligible « "»ture Ms (* m. 


quantity, being restricted to the region of the glands. 


The Development of the Btonata. 

It is obvious that any stomata which are present on the young 
leaf coated with its sticky secretion, cannot be functional. In 
correlation with the rapid growth of the leaf-area, new stomata 
are continually being formed. Thus, in a section parallel to the 
surface of a young leaf, all stages in development of the stomata 
may be studied, as well as a small percentage of stomata which 
liave already reached maturity (Text-fig.4). 

Solereder(4, Vol, ii., pp. 1079-1080), when classifying stomata, 
refers the Qoodeniaoe* to two groups; (1) where there are no 
subsidiary ceils, and (2) where subsidiary cells are formed par- 
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allel to the pore Tn S crasaifalia there are no subsidiary cells. 
A single epidermal cell divides by an oblique wall into two cells 
of unequal size. The larger of these cells remains an epidermal 
cell, while the smaller is the mother-cell of the guard-cells. The 
only further division which'takes place is that which forms the 
tyo guard-cells. The mature stoma is surrounded by a variable 
number of epidermal cells (Text. fig. 4 d). The stomata reach 
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Text-fig.4.—Stages (a>c) in the development of the stomata, os seen in 
transverse seotinn of young leaf: a, initial stage, showing mother- 
oell of the gUArd-cells; A-r, showing development of two guard-cells; 
no pore is formed; ri, surface-view of young leaf, showing stages 
in development of stomata; (x 300). 

their full development when the flow of secretion has ceased. 
Those which mature first, are rendered functionless, for a time 
at least, owing to the blocking of their poreB with resin. It 
seems highly probable that many of those stomata, in whioh a 
plug of resin is found enclosed in the stomatal aperture, will 
never function (PL xxviii., fig.4). Only those stomata whieh 
are belated in development, and are freed before reaching matu¬ 
rity, by the drying-up and cracking of the resin, are entirely 
unblocked by the secretion. 

Ip those plants with lacquered leaves, which Volkqt»(l> da* 
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scribed, such as species of Brachylwna, Jiaccharig, £scallonut , etc., 
the stomata are belated in development; and, in a few cases in 
which the secretion remains aclivc until maturity of the leaf, the 
stomata become elevated until they project abovfr the surface of 
the secretion. The mature stoma of S. crastnj'olia remains at 
the surface-level of the leaf. There is little of interest to remark 
in the structure of the mature stoma, a small, outer chamber 
being formed in the usual way, by an overhanging lip of cuticle. 

Internal Development of the Leaf. 

An in the case of the stomata, the development of the leaf- 
tissues is lielated. In a young leaf just freed from the bud, there 
is up internal differentiation 
except that of the vascular sys¬ 
tem. The leaf, at this stage, is 
made up of a compact mass of 
rouuded cellb, the vascular 
strands occupying a median 
position. It is only when the 
secretion becomes less active, 
that differentiation of the leaf- 
tissues takes place 

The fully-grown loaf of S. 
crasstfidia is very thick and 
succulent, owing to the devel¬ 
opment of secondary, water- 
storage parenchyma. The epi¬ 
dermal cell-walls show a great 
development of cellulose, but 
are only moderately cuticulur* 
ised. There is no spongy ineso* 
phyll, the greater part of the 
leaf being made up of several 
row. of palisade-cell..' A tis- Text-flg.S.-Section of mature leaf 
sue of rounded cell., amongst showing occurrence of branched 

which are situated the vascular muoilagfe-oelU in the palisade- 

strands, occupies a median pOsi- tissue; (x 800). 
tion in the leaf, and is bounded on either side by, sometimes,'Ite 
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many as five rows of palisade-cells. This central tissue is re¬ 
markable in the very old leaves, as its cells become enlarged, 
lose the greater part or all of their chlorophyll, and take on the 
fuuction of water-storage. Those cells i in mediately surrounding 
the vascular strands are the first to assume the new function 
(PI. xxviii., fig.5). From this central, water-storage tissue and 
from the palisade tissue, special water-storage organs, &uch as 
mucilage colls and water-storage trachcidos are differentiated. 

MncUay e-cells.— In the early stages of differentiation, certain 
cells, particularly in the palisade-region,-develop mucilaginous 
walls. Thescv cells keep pace with the growth in thickness of 
the leaf by branching in all directions, producing, thus, a peculiar 
and striking result (Text-flg.5). Text-fig.6a shows one of these 
branched mucilage-cells swollen after treatment with potash, and 
stained with corallin soda to show successive deposits of mucilage 
in the cell-wall. 



with oorallln-soda, to show stratification of mucilage; ( x 230): 6, a 
group of water-storage tracheides from the central tissue of the 
mature leaf; (*400). 

Water-storage tracheides .—Restricted to the central tissue arc 
special water-storage tracheides occurring both at the bundle*ends, 
and in groups, quite independent of the bundles. They are of 
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the type with thickened walls bearing transversely elongated 
pits (Text-flg.6 t b\ 

At tlie midrib, the tissues of the leaf merge into a compact 
chlorcnchyma of rounded ceils. The vascular strands arc sti engtli- 
ened on both the upper and lower surface by a bundle of fibres. 

Crystals of calcium oxalate are found in the cells of the leaf in 
very small quantity. 

Conclusion. 

The secretion of resin by glandular hairs in the hud and young 
leaves, and the lacquering of older leases by the ultimate drying- 
up of tliis secretion, have been shown by VolkciiH(0) to be peculiar 
to some xcrophytic plants. Scmvola crastifblia, being a sand- 
dune plant, rnay lie regarded as a xerophyte. 

The chief ecological factors with winch a dune-plant has to 
contend, have been summarised by Cowles (2, pp. 107-111). They 
are, (1), intense illumination, lx»th direct and reflected; (2), the 
great divergence in the temperature-extremes, which is still 
further increased by the low specific heat of sand; (3), the drying 
action of the wind, and the injurious effects of wind-blown sand; 
(4), the porous nature of the sand, and its consequent low water- 
capacity. The third and fourth of these factors are, perhaps, 
the most potent. In South Australia, however, the first factor 
may have some considerable importance, since there are often 
periods of several days with cloudless sk}, while the glare from 
the sun is still further intensified by the whiteness of the coastal 
sands. 

As we have seen, S. ermsi/olia is able to survive burial in saud 
by an upward elongation of the shoot, and by the development 
of adventitious roots. By virtue of their thick, sticky secretion, 
the buds and young leaves are protected from desiccation, as are 
also the older leaves, owing to their succulence. A further pro¬ 
tection from intense illumination is suggested by the yellow 
colouration of the secretion. The polished surface of older leaves, 
caused by the partially dried secretion, also serves to reflect 
certain rays of light. 

The low water-capacity of the saud is compensated, to some 
extent, by the water-storage tissues of the older leaves. 
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Summary. 

i. Scasvoln craB8%fi>lia is characterised by the development of 
peltate, glandular hairs, which secrete resin in great quantity. 
These hairs reach their maximum activity in the buds and young 
leaves. 

ii. As the leaves become older, the glauds become less active, 
the secretion loses its mobility, dries up, and gives the surface 
of the leaf a lacquered appearance. 

iii. The mature leaves of .V. emsst/oUa are thick and succulent. 
The glands are sunken, and no longer functional on the blade of 
the leaf. They retain their activity only in the region of the 
leaf-base, protecting the axillary buds. Special xerophilous 
adaptations are found in : 

(a) . The secondary increase in size of the epidermal cells 

(b) . The massive development of palisade-tissue. 

(c) . The development of special water-storage cells, such as 
mucilage-cells, water-storage tracheidcs, and ordinary, thin- 
walled, water-storage cells. 


EXPLANATION OF PLATES XXVII..XXVIII. 

All figures were made at Uhl e‘level, with the aid of Zeiss* camera lumda, 

with miiTui at it* greatest inclination, and with tul»o at 100 min. Lcitz 

objectives 3 and 0, and oculars 2 and 4 were used. 

Plato xxvii, 

Fig.L—A slightly oblique section through n hud, to show development of 
glandular hairs: o, stem-apex: ft, rudimentary leaf; r, leaf-base; d y 
petiole of slightly older leaf; «, glandular hair; (x 100). 

Fig.2. -Section across sheathing Ixwe of a mature leaf, to show develop¬ 
ment of glandular and clothing hairs; ( x 160). 

Plate xxviii. 

Fig. 3.—Part of seoliou through yuuug leaf, to show depth of secretion and 
outline of glandular hairs; ( x 530). 

Fig.4,—Section of a lacquered leaf, to show patch of secretion blocking 
mature stoma; ( x 300). 

Fig.5,—Section of a mature leaf: p, palisade-tissue; e, central water- 
storage tissue; m, muoilage-oeU; i, water-storage traoheides; (x 100). 
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A F088JL INHECT-WTNG FROM THE ROOF OF THE 
COAL8EAM IN THE SYDNEY HARBOUR 
COLLIERY. 

My R. J. Tillyahd, M.A., D.Sc., F.L.S., F.E.S., Linnkav 
Maolkay Frllow or thk Society in Zoology 

(One text-figure.) 

In the Journal and Proceeding** of the Royal Society of New 
South Wales, Vol xlv., 1911, p.55l, Mr. W. S. Dun records the 
occurrence of a species of Tatniopteri$ in the roof of the Coal- 
seam in the Sydney Harbour Colliery at Balmain (Upper Per¬ 
mian). An excellent figure of the actual specimen, reproduced 
from a photograph, is given in Plate xli., in the same paper. The 
writer concludes with the following note"Associated with 
the leaf is the impression of an insect’s wing, a description of 
which will be submitted later.” 

Recently Mr. Dun has very kindly passed this specimen over 
to me for description, and I desire to thank him for the oppor¬ 
tunity of studying it. 

The wing lies upon the smooth surface of a very dark, hard 
shale. Its position is best located by the following note. 
Measure 18 mm. from the distal preserved end along the mid-rib 
of the frond of Tmniopteris, and, from the point so obtained, erect 
a perpendicular on the side on which the centre of curvature of 
the frond lies. The distal end of the insect-wing lies at a die* 
tance of 20 mm. along this perpendicular. 

The wing ean be actually seen in the reproduction mentioned 
above, but it is so faint in outline that it would not be noticed 
unless some measurements were given to assist one in locating 
it. The same may be said to be the case with the actual speci¬ 
men. Once it has been located, a careful examination with a 
hand-lens will show the presence of the main veins, and, in 
certain lights, of cross-veins also* All of these, except only the 
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radius, are exceedingly delicate in outline, so that it is by no 
means easy to make an accurate drawing of the fossil. 

The portion preserved consists of a considerable part (probably 
about three-fifths) of a slender wing, with the costal margin well 
marked right up to the apex. The posterior border is missing, 
except for a short piece lying towards the base of the fossil. 
The space between the radius and the costal margin is distinctly 
coloured brownish. This is almost certainly due to the preser¬ 
vation of brown pigment originally located in this area of the 
wing. 

In attempting to place this fossil correctly, I have had to rely 
upon only two or three important characters, since the base of 
the wing, which maybe presumed to have held the most definite 
veiiational structures, is missing. First of all, 1 have relied 
upon the absence of the subcostal vein from all the distal portion 
of the costal space. Secondly, the well marked radius, evidently 
very strongly built, has running below and parallel to it a well- 
developed radial sector, giving off obliquely descending branches 
at fairly wide intervals Combining these characters with a 
third, viz., that the cross-veins are fairly wide apart, regular, 
and somewhat oblique, we should have little difficulty in making 
a very close comparison between this fossil and the interesting 
family Elcanidtr , of the Order Orthoptera, from the Mesozoic 
strata of England and Germany. 

Handlirscli defines the Elcanidct as follows* (bib text is in 

German) 1 This family.is characterised by the possession 

of long, typical Locustoid antenna, well-developed jumping legs, 
and also, in the female, a long ovipositor. On the other hand, 
up to the present, no wing has been found with a stridulating 
organ. 

The wing-venation, resembles in many respects that of the 
Acridioidea more than that of the Locustoidea existing to-day. 

The forewing is characterised by a costal vein slightly removed 
from the border, and, therefore, by a precostal area. The sub- 
costa is greatly shortened; the radiuB is free, and sends branches 
towards the free anterior border; its sector arises near the bate, 

* Die Fossilen Xnsekten, p.412. — 
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and runs nearly parallel with the main stem towards the tip; it 
sends a variable large number of branches sharply from below 
towards the apical border. Media and cubitus strongly reduced, 
consisting of small branches. Anal field somewhat small, with 
few veins. 

The hindwing is similar to the fore in respect of the structure 
of the radius, media,and cubitus* but appears to hate undergone 
a vast reduction of the subcosta, and to possess no precosta) area. 
Its anal field is large and fan-like. 

Stiff cross veins divide the wing-areas into quadrilateral cells. 
Most of the wings are spotted. 

It will be seen that, owing to the fragmentary nature of the 
wing, many of the above characters are not available as tests. 
On the other hand, the part preserved agrees very closely with 
the definition. The small portion of the posterior border pre¬ 
served is of some value to us, since it points to the fossil repre¬ 
senting a forewing. For, in the hindwing, we should have ex¬ 
pected to see, in this position, part of the anal fan which is so 
conspicuous in this family, but which is evidently absent here. 

H&ndlirsch lists forty species of the family Elcawdai from the 
Lias, and twelve from the Upper Jurassic All but one of these 
are placed in the genus Elcana Gieltel, the only other genus 
being Parclcana Handl I .propose to place the fossil here de¬ 
scribed in a new genus, Elcanopaia^ with the characters given 
below. 

Order ORTHOPTERA. 

Family ELCANIM2. 

Genus Eloanopsib, n.g. (Text-fig. 1 ). 

Characters of forewing as in Elcana Giebel, except the fol¬ 
lowing:—Sc towards its distal end lies very close to 0, not 
nearer to R as in Elcana . Wing not spotted, but marked with 
brown pigment along the costal space. Branches of Rs few in 
number, and plaoed fairly wide apart. Cross-veinB not very 
numerous or close together. 

Genotype, EleanopaU n.sp. (Upper Permian : 

Balmain Colliery, Sydney Harbour). 

The occurrence of an Elcanid genus in the Upper Permian is 
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of considerable interest, since the insect-fauna already known 
from the Upper Permian of Newcastle, New South Wales, con¬ 
tains only types which would he regarded as of Mesozoic age if 
they had been found in the Northern Hemisphere. Tt is also 
interesting to note that the Upper Jurassic members of the 
family approach, in their venational type, the Acridiittf* of the 
present day, whereas the Liassie species differ more widely from 
these last, in that the number of branches of the radial sector, 
and the number of cross veins, is considerably less, and the species 
are of a smaller size Tn these characters, the new genus is the 
most reduced of all; so that the supposition now naturally arises 
that the modern Acridioid type of venation may have been 
formed by addition of new elements to what was originally a 
much simpler and more open type of venation 



Text-fig. 1. 

JClcanopeii syduetenw, n.g. et sp., portion of forewing: ( x 13*5). Upper 
Permian Coal'Measures: Balmain Colliery, Sydney Harbour. 0, 
ooatal border; R, radius; Rn, radial sector; So, suhooata; the area 
covered by the brown pigment it shaded. 

Ki-canopbis sydnsibksis, n.sp. (Text-flg.l). 

Total length of fragment, 7 mm. Greatest breadth, 2*7 mm. 

Forewing with the distal end of So preserved, and apparently 
ending up on O at about the middle of the oostal bonier. R 
very strongly built, very gently curved, the tip slightly turned 
upwardsv Apparently six very poorly preserved cross-veins 
between R and 0, beyond the end of 8c, and two oblique ones 
between Sc and R based from these. Nine or ten cross-veins 
preserved between R and.Its; some of these fairly distipqt. J&y 
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a slender but well-preserved vein, parallel to R, and having (our 
descending branches placed somewhat wide apart. The cross¬ 
veins between these branches mostly not visible, but indications 
of them here and there in a good light. A portion of a fairly 
strong vein is preserved near the posterior border, but this vein 
cannot be named with certainty. It appears to be connected 
with the border by means of a series of oblique cross-veins. 

Type, in Coll. Geological Survey of New South Wales, 
Sydney. 

Postscript (added June 14th, 1918).—In my paper on the 
“Permian and Triassic Insects from New South Wales, in the 
Collection of Mn John Mitchell, 1 ’ These Proceedings, 1917, xlii., 
Pt. iv., p.725, I named Schizoneura as one of the genera of the 
fossil flora of the Upper Coal-Measures of the Newcastle District 
The name was taken from the list given in Siissmilch’s “Geology 
of New South Wales,” on p 135, where also the genus Tmni- 
opteris is included. As several geologists have taken exception 
to the inclusion of this genus in the Permian Flora, I take this 
opportunity of pointing out that I did not state that the genus 
Schizoneura occurred at the horizon of either the Belmont or 
Newcastle Insect-Beds. I have to thank Mr. W. S. Dun for' 
explaining the exact state of the case to me. It appears that 
Schizoneura is found only at the very top of the Permian Beds, 
in beds that might well be considered as the passage-beds between 
the Permian and Triassic, but which should be classed as Per¬ 
mian as long as we define the presence of Olo$aoj>teria as the 
criterion by which to separate the Palreozoio from the Mesozoic 
in Australia. The same is true of Tecniopterie, which is asso¬ 
ciated with the insect-wing described in this paper; it should be 
noted especially that the species, though unnamed, is certainly 
not T. Daintreei McCoy, ( » 2\ epatulata McClelland), which is 
characteristic of the J urassie. The horizon of the wing described 
in this paper is, therefore, some 600 feet vertically above that 
of the Belmont Insects previously described, and more than 800 
feet above that of the Newcastle Insects. Whether, therefore, 
Sloanoptii be considered to be a Permian genus or not, there 
can be no question tb*t these other insects are such.— R,J.T. 
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THE PANORPOID COMPLEX. 

A Study of the Phyloobny of the Holomktabolous Inbrctb, 
with Special Reference to tuk Subclasses Panokpoidea 

AND NkUROPI’EROIDEA. [INTRODUCTION], 

liv K. J. Till yard, M.A., D.Sc. f F.L.8.. F.E.8., Linnean 
Macleay Fellow of the Society in Zoology. 


Introduction. 

Section i.—D efinition of the Complex. 

Tn his great work upon the Phytogeny of the Orders of Insects 
Handlirsch {3) divides the whole of the Holometabola into four 
Siib-cIasseH, as follows — 


Suh-oloHH. 


Orders. 


Hymkmu'Tkkoidka 

t/ULHOPTEKOI DK A 

Neuhovtkkoidka 

Pakortoidka 


Hymenoptcra. 

Coleoptera. 

Megaloptuiu, RaphidiuideA, Neuroptsra, 
Panorpata’, Phrygauoidea, Lepidoptera, Dipteru, 
Aphaniptera. 


In making this division, Handlirsch widely separates the first 
two of these Sub-classes from the last two, placing between them 
not only what we may, for convenience, term the three Amphi- 
biotic Orders (Odonata, Flee top t era, and Perlaria), each of 
which he elevates to the rank of a Sub-class, but also the Embi- 
daria, which he also considers to be a Sub-class. For the 
Hymenopteroidea and Coleopteroidea, Handlirsch indicates a 
descent from a Hlattoid type of ancestor. For the Neuropter- 
oidea and P&norpoidea, be is more inclined to a Palwodictyopt- 
erous type of ancestor; indeed, he definitely states his belief that 
the Neuropteroidea are descended directly from the Palawdicty- 
optera, while he considers the Panorpats^ and hence the Paaor- 
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poidea also, to have been derived from the obscure Megasecoptera 
of the Upper Carboniferous - an Order which, at the best, can 
be regarded only as a specialised side-branch of the Paleeo- 
dictyoptera. 

We are thus faced with the fact that, in Handlirschs opinion, 
the Holometabola are a composite group of polyphyletic origin. 
Such a view is, indeed, fairly generally held amongst entomolo¬ 
gists; for no satisfactory reason seems to have been brought 
forward why the evolution of the resting-pupa should not have 
been accomplished more than once, along several quite distinct 
lines of ascent. 

Having for a very long time carefully read and studied Hand- 
lirsch’s views, I have to confess that, in spite of many excellent 
arguments brought forward, there seems to me to be much that 
is unsatisfactory in them. As examples, I might refer to his 
discussion of the origin of the Hymenoptera, which fails to con¬ 
vince me iu a single point. The same may be said of the sug¬ 
gestion that the Panorpat© are derived from the Megasccoptei a. 
It seems to me that any unbiassed student of the Phylogeny of 
the Holometabola must come to the following conclusions 

(1) That the origin of tho Hymenopfcgca is still about as great 
a mystery os it well can be; and that Handlirsch’s solution of 
this problem has many inherent defects that make it unaccept¬ 
able. 

(2) That the origin of the Coleoptera from a Blattoid type of 
ancestor is a fair probability; but that much more research of 
an intensive character must be carried out before this theory can 
be either proved or dt^oved. 

, (3) That the origin of the Neuropteroidea from Pala&odicty- 
opterojp ancestors is extremely probable; nevertheless here also 
any researches that tend to strengthen the argument would be 
very welcome. 

(4) That the origin of the Panorpoidea f rom the Megasecoptera 
is not supported by a single piece of evidence worth considering; 
but that the possibility of the relatiouahip between Neuropter¬ 
oidea and Panorpoidea being exceedingly close requires recon¬ 
sideration, and the coincident possibility of the Panorpoidea 
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having had P^Jceodictyopterous ancestors also requires careful 
investigation. 

My own researches upon the Neuropteroideaand Panorpoidca, 
as far as they have gone, have convinced me that these two Sub¬ 
classes have a great deal in common. They have also revealed 
the possibility of the Hymanoptera, and even the Coleoptcra, 
having a closer relationship with the Panorpoidea than is gener¬ 
ally suspected. Not only do many signs point to the Mecoptera 
(Panorpatae) as being a central Order round which all tho rest of 
the Holoinetabola may he more or less closely grouped, but the 
Palaeontological evidence also points unmistakably in the same 
direction. For fossil Mecoptera of the genus Permoehorisk^ 
closely allied to the existing Australian genus Tmtiochoriata, 
have now been proved to exist in the Permian of Newcastle, New 
South Wales(B); whereas no other Holoinetaholous insects are 
known from Palseozoic strata at all. Even admitting the incom¬ 
pleteness of tho fossil record, we must be immediately struck 
with the fact that the Mecoptera existed in Permian times in 
Australia, in a form very similar to that of to-day. This points 
to the Order having arisen well before Permian times. The 
earliest known Neuropteroidea are Upper Triassic, the earliest 
Coleoptera also Upper Triassic, the earliest Trichoptera the 
same, and the earliest Hymenoptera Upper Jurassic. Even if 
we grant that it is a reasonable expectation that all these Orders 
will one day be found to have had representatives in earlier 
strata, yet the same probability holds for the Mecoptera. 

Reviewing the whole case, it seems to me that the time is ripe 
for a careful study of the whole problem, as far as the evidenoe 
will admit, from the point of view of the Mecoptera as the 
central Order; that is to say, the Order which has preserved, 
both in its larval, pupal, and imaginal structures, the largest 
number of archaic characters derived from the original ancestor 
or ancestors of the Holonietabola, whatever they may bate been. 

It is to suggest this point of view that I have selected as title 
the somewhat elastic term “ The Fanorpoid Complex." By this 
title, I intend to convey that the research entered upon in this 
paper has, for its main object, the complete working out of the 
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relationships of the Order Mecoptera to those other Orders which 
stand in closest relationship to it. In accepting Handlirsch’s 
division of the Holoroetabola into four Sub classes, it is to be 
understood that I do so only provisionally, for the convenience 
of sifting and allocating the evidence that this arrangement 
naturally offers. And, as it is obvious that the main weight of 
the argument must centre around those Orders which are clearly 
most closely associated with the Mecoptera, so it will be clear 
that the Orders comprising the Panorpoidea must be mo6t fully 
reviewed. There is, however, a great deal of evidence to be ob¬ 
tained from a study of the Neuropteroidea; and this Sub class 
can by no means be denied full consideration in the argument. 
With respect to the Coleoptera and the Hymenoptera, the evi¬ 
dence to he obtained from them at the present time is compaia- 
tively scanty, and has little weight compared with that derived 
from the other Orders, though it may help to throw some light 
upon the larger problem of the origin of the llolometabola as a 
whole. These ideas I have tried to convey in the sub-title 
selected for this paper. 

If, then, we accept provisionally, for clarity of argument, the 
two Sub classes Neuropteroidea and Panorpoidea, in the sense 
that Handlirsch defined them (but with some modifications in 
the nomenclature of the Orders composing tbein), we may then 
proceed to define the “Panorpoid Complex” as that assemblage 
of Orders whose ancestral characters can be shown to possess close 
affinity with the characters preserved to a great measure in the 
Order Mecoptera^ without in any way binding ourselves to the 
inclusion of any particular Order in the Complex. The Complex 
itself is an elastic assemblage of Orders; and any particular 
Order may be included in it, or removed from it, according as 
the weight of evidence may determine. 

Throughout this paper, I shall use the name Mecoptera for 
the Panorpata of Handlirsch, and Trichopteru for bis Phrygan- 
oidea.', The Bapbidioidea I hold to be not sufficiently distinct 
from (the Megaloptera to deserve ordinal rank, since van der 
Weele's work (7) indicates the strong probability of their origin 
from tl^e more ancient Sialoid stem. Hence I shall merge them 
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into the Order Megaloptera, which will then consist of two Bub- 
orders, viz, the Sialoidca (aquatic) and the Raphidioidea (terres¬ 
trial). The term Neuroptera is now so ambiguous, being still 
used in present-day writings to indicate so many different and 
heterogeneous groups of Orders, that I have no hesitation, for 
the sake of clearness of argument, in substituting the name 
Planipennia for it, although I do definitely subscribe to the 
opinion that the name Neuroptera ought by now to be strictly 
confined to this Order only. 

For the purposes of this paper, 1 shall definitely include my 
new fossil Order, Protomecoptere, within the Sub-class Panor- 
poidea, to which it clearly belongs. The type (and so far the only 
representative) of this Order is Archipanorpa magnified. Tillyard, 
from the Upper Trias of Ipswich, Queensland. Whether this 
type should constitute a new Order, or only a Sub-order within 
the Order Mecoptera, it will undoubtedly conduce to clarity of 
argument if we employ the term Protomecuptera in the sense in 
which I originally defined it(fl). 

The scheme adopted in this paper may now be exhibited as 
follows:— 

Subclass Panokpoidka ; 

Orders Protomecoptera (fossil only), Mecoptera, Trichoplera, 
Jjepidoptera, Diptera, and Aphaniptera. 

Sub-class Nkuroptekoidra : 

Orders Megaloptera (including the aquatic Sub-order Sialoidea, 
and the terrestrial Sub-order Raphidioidea) and Planipennia 
(» Neuroptera, s.sfr.). 

Section ii.—G eneral Principles. 

Most of the work that has been done in Kntomology upon the 
Phytogeny of any given Order has naturally been carried out by 
experts upon the Order in question, with little reference to out¬ 
side Orders. As an example of this, we may cite Meyrick’s 
numerous works on the Lepidoptera, which, apart from their 
systematic aims, have also attempted to show the origin of the 
Order, as a whole, from the Trichoptera. In the whole of this 
work, Meyrick makes allusion to only one genus (BhyacojthUa) 
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of the supposedly ancestral Order, and, indeed, suggests, in more 
tlmn one place, that the whole of the Lepidoptera are descended 
from this still existing and abundant genus of Caddis-flies. 
Throughout the work, the characters of the Lepidoptera are 
subjected to a searching scrutiny and criticism, but the same 
tests are not applied to the Trichoptera, which are, nevertheless, 
an equally important factor in the problem [ 3 , 4 ]. 

Jt baa, for long, seemed to me that a problem of this kind, 
attacked in this manner, by intensive study of the internal 
differences within the Order in question, without an equally 
intensive study of the differences existing within the Orders 
supposedly ancestral to it, could not possibly yield a complete 
and accurate solution. The alternative, chosen by some few 
authors in recent years, has been to pass in review the sup¬ 
posedly archaic characters of related Orders, and to attempt to 
derive from this evidence some idea as to the standing of one 
Order to another. As an example of this, I need only mention 
again Haudlirsch’s famous attempt to give us a complete Phylo- 
geny of the whole of the Orders of Insects, as well as a Phyto¬ 
geny of the Class Insecta itself <S). 

It will be at once admitted that this second method is the 
right one. It has, however, one obvious disadvantage In 
order to carry it out successfully, the author should be equally 
expert upon all the Orders that be reviews. But no man could * 
hope to attain the knowledge in half-a-dozen or moro Orders 
that can be attained in one by a life-study of it. Hence we see 
that, while the outlook of such an author will be a broader one 
than that of the expfert in one Order only, yet the evidence 
brought forward cannot all be accepted at the same face-value; 
and the chances of misinterpretations at vital points is evidently 
very much greater. 

As an example of this, we might contrast the treatment of 
the Phytogeny of the Lepidoptera by Meyrick on the one hand, 
and by Handlirach, on the other. First of all, Meyrick confines 
himself almost entirely to wing-venation. By an exceedingly 
full analysis of the different types within the Order, he arrives 
at &e conclusion that the homonomously- winged Jugate repre- 
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sent the oldest type, within the Order. Having then discovered, 
in the living genus Jthyacophila of the Order Trichoptera, a 
venation with apparently all the essential characters of the 
Jugatce, he claims that the Jugatie, and therefore all the Lepi- 
doptera, are to lie regarded as having 'fead a Hhyacophilous 
ancestor. 

If the characters considered by Mayrick were the only ones 
that concerned the question, and if the Orders Trichoptera and 
Lepidoptera were so isolated from all the other Orders of Insects 
that there could be no question of affinities in any other direc¬ 
tion, Meyrick's solution might be accepted as correct, in spite o~ 
its having been based mainly upon the wing-venation on\y. But 
this is not the case. As we shall see, the Ordei Mecoptera has 
quite equal, if not superior, claims to be regarded as the ancestral 
type from which the Lepidoptera sprang, while the claims of the 
Plampennia, in certain directions, may by no means be over¬ 
looked. Moreover, no attempt was made to test the claim, which 
surely can legitimately be made, that the Trichopteia themselves 
are a by no means unspecialised Order, with almost as much 
right to being considered an end-term in a Phylogenetic Series 
as the Lepidoptera themselves. 

Many of these objections to the method of procedure adopted 
by Meyrick are overcome by the method which Handlirsch fol¬ 
lowed. This author, first of all, considers the relationships of 
the Trichoptera with the Mecoptera, and concludes that the 
former are an offshoot of the latter, ite then propounds the 
question as to whether the Lepidoptera are to be legitimately 
regarded as the derivatives of the Trichoptera themselves, or 
whether we are compelled to go further back, to the older 
Mecoptera, in order to indicate their ancestors. His review of 
this question is, in its way, a masterly exposition of the facts, as 
far as he knew them; and his conclusion, that the Lepidoptera 
are not descended from the Trichoptera, but directly from the 
older Mecoptera, cannot fail to commend itself to all biologists, 
if the facts that he quotes are really correct. 

Here, then, comes in the question which I have already men¬ 
tioned, vis., the amount of equipment of specialised knowledge 
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of all the Orders taken into consideration, necessary for an 
author who would decide this problem. Having carefully read 
through the whole of Hatidlirsch’s work, I was at once struck 
with his evident lack of specialised knowledge of the two Orders 
most fundamental to,the whole question, vis., the Trichoptcra 
and the Mecoptera. The characters of these two Orders are 
reviewed very superficially in comparison with those of the 
Lepidoptera and Diptera; in fact, the whole of their phytogeny 
is decided within the limits of a single page of print. And, on 
that one page, I find statements made which, as far as my know¬ 
ledge of these Orders goes, are incorrect. Such, for example, is 
the statement on p 1204, that the jugum appears in the Meco¬ 
ptera as well as in the Lepidoptera, and that on p.1253, that the 
Mecoptera retain the archaic homonomous wings and archaic 
mouth-parts. In my studies of the Mecoptera, I have found 
that none of these statements are justified, and I shall have to 
deal with them more fully in the part of this paper devoted to 
that Order. 

We are thus faced with the situation of having to choose 
between the limited outlook, but'gre&ter accuracy in detail, of 
the solution offered us by the specialist in one Order, of whom I 
take Meyrick as a conspicuous example, since he shows in a most 
remarkable degree the combination of both these characteristics; 
and the wider outlook, but occasional inaccuracy in detail, of the 
solution offered us by the non-specialist, whose aim should be lo 
regard all the Orders coming under his review as equally entitled 
to careful examination and consideration. 

It will be at once obvious, without any further argument, that 
neither of these alternatives is entirely satisfactory. Before we 
can deal satisfactorily with the phylogeny of a group of Orders, 
we must attain, as far as possible, to the specialist’s knowledge 
in everyone of them. Such knowledge, in the present advanced 
state of Entomology, is unattainable within the lifetime of any 
single man. We must, tlierefore, ask ourselves, firstly, whether 
we may legitimately attack a problem of such magnitude, 
equipped with anything less than the maximum of attainable 
knowledge on all Orders; and, secondly, whether, if this first 



BY R, J. TILIjYARD. 


273 


question be answered affirmatively, we can indicate with any 
certainty which portions of that knowledge are essential, and 
which are not. 

Now there will be, in any group of Orders, some which show 
definite specialisation above the others; as, for instance, the 
Lepidoptera and Diptera above the Trichoptera and Meuoptera. 
All entomologists are agreed upon this. Is it more necessary to 
attain to the specialised knowledge of the lower groups,or of the 
higher groups 7 It will be seen that Meyrick was a specialist in 
the higher of the two Orders which he discussed, while the 
same is true of Handlirsch, in a more general way, since he, 
everywhere, shows a far more intimate knowledge of the Lepi¬ 
doptera and Diptera, but especially of the latter, than he does 
of the Trichoptera and Mecoptera. Would it not be preferable 
for the author, who is to attempt a satisfactory solution of this 
problem, to throw the main weight of his studies on to the side 
of the more archaic Orders, which, unfortunately for the progress 
of Entomology, have been so neglected for many years, and to 
be content to attain to a first-hand knowledge of only the more 
archaic types within the more highly specialised Orders? 

I believe that this question must be answered in the affirma¬ 
tive, for some very good reasons. Firstly, the knowledge of the 
more archaic Orders is the ouly sure foundation upon which the 
Phylogeny of the higher Orders can be built. Any attempt 
without this knowledge is merely building up a house without 
laying secure foundations. Secondly, the connections sought for 
in the tracking out of the ancestry of the higher Orders must be 
those between some members (either existing or extinct) of the 
more archaic Orders and the hast specialised families of the 
higher Orders. Thirdly, if at any time the problem transcends 
the attainable bounds of knowledge of the investigator who has 
adopted the course here advocated, he can always call in the 
advice of the specialist, who possesses just that very type of 
knowledge, in his own group, which would render the Fhylo- 
genist's task too overwhelming for him, on the principle of 11 net 
being able to see the wood for the trees.” And, finally, there 
are already, in Entomology, specialists enough in all the higher 
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Orders; bo that the chance of being brought to a full-stop, 
because nobody in the world can supply the gap required, is so 
unlikely a possibility that it may be dismissed without further 
thought. 

That being so, I decided that the investigation into the Fliylo- 
geny of the Panorpoid Complex was a task that I might venture 
to -undertake, and that its difficulty and immensity would he 
more than coin pen sated for by the advantage to Entomology in 
general, if a satisfactory solution could be found. Having, then, 
decided to confine myself to researches within the limits indi¬ 
cated in the previous paragraph, T have carried out an exhaustive 
survey of the older Orders under review, viz., the Planipennia, 
Megaloptera, Mecoptera, and Trichoptera, and have been content 
to study, in the immense Orders Diptera and Lepidoptera, mainly 
the older families only. The survey has been extended far 
enough to give me some idea of the position and inter-relation¬ 
ships of all the important families of each of these Orders; but 
intensive study has been chiefly confined to the older families, 
together with other more specialised types in which I thought I 
could recognise characters of value as evidence on the question 
at issue. Further, it will be at once evident that the equipment 
of the author who attempts, to solve this immense problem will 
not be complete unless he Rasters what there is to know about 
the Fossil Record of the Orders in question, and of their possible 
ancestral Orders. This also I have endeavoured to do. The 
fortunate circumstance of my having in my hands a large amount 
of new and unique material of this kind from the Permian and 
Triassic strata of Eastern Australia has been one of the chief 
factors in my decision to undertake this task; indeed, it has 
almost imposed the obligation upon me, since nobody who has 
not studied these fossils could possibly be so favourably placed 
for discussing this question as I happen to be, simply through 
this great good fortune, 

It will, I think, be readily granted that the Ontor is the only 
satisfactory unit upon which a study of this kind can be based. 
We have, therefore, to consider what view of an Order we must 
take, in dealing with it as a separate unit in a paper such as 
(lUa. 
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Now there are, in any given Order, many diverse groups. 
Some of these will exhibit very high specialisations in one or 
more directions; others will show unexpected archaisms, which 
may make it exceedingly awkward to frame a comprehensive 
definition of the Order. As an example of this, we may take 
the evolution of the mouth-parts within the Order Lepidoptera. 
In the great majority of the families within this Order, the 
mandibles are absent, the maxillary palps absent, the gale® 
produced into a long sucking-tube or haustellum, and the labial 
palps present and more or less highly specialised. But, in the 
Jtficropterygidce , the mandibles are present, as aru also the typical 
maxillae of older Holometabolous Orders, with five-jointed palpi, 
and unspeoialised galeae and laciniaa There is, therefore, no 
reason, from the Phylogenetic view-point, why we should not 
consider the Lepidoptera as, at bottom> essentially a mandibulate 
Order, when we come to discuss its relationship with the other 
Orders of the Panorpoid Complex. 

It must, therefore, be evident that, for the purposes of this 
paper, the usual definitions of Orders to be found in text-books 
not only will not serve our purpose, but may actually be mislead¬ 
ing. I propose to overcome this difficulty by the use of Arche¬ 
types (German, Vr-typu»). For each Order that comes under 
review, we must define an archetype, which shall include in itself 
all the most archaic characters found within the Order. Having 
done this, we may reasonably discuss the relationships of the 
archetypes of the various Orders, with some prospect of a suc¬ 
cessful issue. 

In following out this lino of argument, we can lay down two 
guiding principles 

(1) The Phytogeny must not be determined from one set of 
characters only wing-venation), however important that set 
of characters may be. But it must be determined by a review 
of as many characters as possible. 

(2) The greatest care must be exercised in the determination 
of the characters of the Archetype. For instance, in the case 
of the jugum and frenulum in Lepidoptera, it is not sufficient to 
adopt the jugum as the more archaic character, merely because 
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it is found in those Lepidoptera which have the most archaic 
wing-venation. If a mistake is made here, the whole Phytogeny 
is hound to go wrong. As a corollary, it should follow that 
characters in which the evidence of archaism or specialisation 
may be uncertain, with a division of opinion upon the point 
amongst those entomologists who have studied it, must be either 
definitely cleared up by means of new evidence, or they must be 
entirely omitted from the argument. 

The Determination of Archetype, 

We may exhibit this principle as follows 

Let o, b, c, d,.etc., represent a series of characters which 

are constant throughout the Order in question. 

Let p t q, r, 5, . . . . etc , represent a further series of characters 
which are not constant throughout the Order, but show definite 
lines of evolutionary advance in one or more directions. 

Taking any one of these characters p, after examination of its 
structure in various families, let P represent the most archaic 
condition, while p\ p", etc., represent various specialised condi¬ 
tions of the same. 

Any family within the Order can now be defined by the 
characters 

a, 6, c, d, etc.,. p , y, r t «,.etc., 

where p can have any qtf the values P 9 p\ p‘ 9 etc., q any of the 
values Q , q\ y", etc., and so on. 

For instance, one family may he defined by 

6, o, d,. p\ q* t R 9 s'",. 

The Archetype of the Order, which may or may not still be 
existing (the greater the number of characters taken, the less 
likely is it to be still existing) will be defined by 
b, c, d,. *. . . P, if, d,. 

The Determination qf the Phytogeny of eeparate Orders . 

The same principle as above may be followed in this case, pro¬ 
vided toe take the characters of the Archetype at the characters of 
the Order it repre$ente 9 for the purposes of the Phylogeny. 

In this case, the characters a i 6, c, d,.eta, which were 

constants throughout any single Order, will now be variables for 
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the different Archetypes; also P, Q, R, S, .not having the 

pame values for different Orders, we may omit these letters, and 
consider that the whole series of characters is comprised in a 

single (longer) series of variables a, 6, c, d, e, /,.etc. 

Taking a group of Orders, we may now represent the most 
archaic value of the character a by A, while a', a*, etc., represent 
various specialised conditions of the Bame. Then we shall be 
able to write the Archetypes of different Orders in this way 

Archetype of Order 1: - if, 6*, <7, cf, e\ F, g" . . . (say). 

Archetype of Order 2:-o', 6\ <P, E,f H , 0 . . . (say). 

Archetype of Order 3: — A t It, c', D ( y' . . . (say); and 

so on. 

The condition that any one Order may be ancestral to another 
can now be determined by comparing the Archetype of the 
supposedly higher Order with any supposedly ancestral group 
lying within the bounds of the Lower Order. But, as the 
characters of the Archetype of the supposedly ancestral Order 
are even more archaic than those of the supposedly ancestral 
group lying within that Order, the determination may he made, 
once for all, by comparing the Arohetypes of the two Orders. 
The following rule may be laid down• 

The condition that one Order may be truly considered ances^ 
tral to another, is that there must not exist a single character in 
the Archetype of the former, which is more highly specialised than 
the corresponding character in that of the latter . 

For example, consider the case of Orders 1 and 9 above. The 
character A is common to both Archetypes. For the character' 
6, the Archetype of Order 3 is the older (£ against V), But for 
the character c, the Archetype of Order 1 is the older (C against 
o'). Hence, clearly, neither of these two Orders can be con¬ 
sidered as ancestral to the other; and we must go back, for their 
common ancestor, to an Order (probably no longer existing) 
whose Archetype show* the characters A, E, C . 

The Recognition cf Embryonic Structures . 

It would seem necessary here to oall attention to the fact, 
whieh seems to have been quite ignored fay most of those ento- 
20 
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Biologists who have not studied other Classes of Animals, that it 
is not necessary to be able to trace back a structure to the 
embryo without a break, in order to prove that it is derived 
from an embryonic structure. Particularly does this apply to 
appendages within the Phylum Arthropods. Examples of this 
are the well-known observations on the re-development of limbs 
from latent embryonic rudiments in Crustacea, «■</■, the man¬ 
dibular palp in Decapod iarvte, and the maxillipedes of the 
Htomatopada. In fact, the rudiments may appear in the embryo, 
disappear later on, and then reappear again in the imago, as in 
the case of the thoracic legs of the genus CkoUicodoma and other 
genera in the Order Hymenoptera. 

Thus we see that it is not sufficient proof that a structure is 
not derived from an embryonic rudiment to show that it does 
not develop directly from that rudiment; whereas, it w, most 
certainly, quite sufficient proof that it is so derived, if we can 
trace it up from the embryo, through the larva and pupa, with¬ 
out a break, to the imago (or, if the structure in question is only 
a larval one, then it need only be traced from the embryo to the 
larva). 

We may take, as an example of this, Lubbock’s observation 
upon the development of the lateral gills in Chloion, which, he 
proved, did not begin to develop until the third instar of the 
larva. Many entomologists have used this as proof that these 
gills cannot be homologous with the original segmental abdominal 
appendages, which are represented in the embryo, and then dis¬ 
appear. This argument is quite fallacious, and must be care¬ 
fully avoided, since it is a frequent temptation to use it. Further, 
there is another potential fallacy in this kind of argument. 
Ckloton is a highly specialised member of the Order Pleotoptera. 
May it not be quite possible that the break between the embry. 
onic appendagee and the formation of the gills, which is so con¬ 
spicuous in this genuft, may be very much reduced, if not com¬ 
pletely removed, in the case of the development of the larva of 
some much more archaic type, such as OnucigotUr, not yet 
studied 1 . 
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Meyrick 1 $ Law . 

In 1893, Comstock(i) gave the name 44 Mey rick’s Law” to the 
following statement, which was first enunciated by Meyrick in 
1884:—“When an organ has wholly disappeared in a genus, 
other genera which originate as offshoots from this genus cannot 
regain the organ, although they might develop a substitute 
for it.” 

Stated in this manner, this law may be accepted, provided it 
is clearly understood what its limitations are. These may be 
stated as follows:— 

(1) It must be capable of proof that the organ in question has 
wholly disappeared from the assumed ancestral genus. For in¬ 
stance, a concealed rudiment of an organ may reappear, after a 
more or less lengthy period of suppression during the course of 
evolution of the group. It will be clear that this fact alone 
must make the application of the law exceedingly problematical, 
except in the case of very simple and easily examined structures 
or organs. 

(2) Great care must be exercised in determining what is to be 
regarded as a substitute for an organ, as contrasted with an actual 
redevelopment of the original organ from a concealed rudiment, 

(3) The converse of the law is not necessarily true; t.«., if a 
genus B shows the loss of certain organs in comparison with 
another genus A, we are not entitled to state, without further 
evidence, that B is descended from A; we may only state that A 
is more arohaio than B in respect of the characters in question. 

How little the importance of the safeguards in the original 
statement of this law has been regarded may be gathered from 
Meyrick’* own later work. In 1895(8), we find him'enunciating 
three “laws” as his guiding principles in the determination of the 
Phytogeny of the Lepidoptera. These are stated as follows :— 

"(1) Xe new organ can be produce# except a$ a modification 
of some previously existing structure” 
s “ (2) A lost organ cannot be regained .” 

“ (3) A rudimentary organ is rarely redeveloped (p.10). 

Of thaw, Nq,J is Meyrick’* Lew restated without its origifaal 
safeguards. This, taken in conjunction with the other two, 
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forms a very generalised statement covering a very much wider 
field than the original one, and open lo far graver objections. 
As regards Law No.l, this can only be accepted as true in its 
very widest sense, i e., that there must be pre-existing living 
material, or cells, as a basis from which any new structure is to 
l>e developed; and, in that sense, it ceases to have any value, 
and becomes a truism. With respect to Ltfw No.2, this ceases 
to he true when the restrictions contained |h the original state¬ 
ment of the law are removed. To mention only one obvious 
example. The thoracic legs of certain Hymenopterm (e.g, Chnli- 
codoma) appear in the embryo; they then disappear throughout 
larval life, but reappear again in their complete form in the 
imago. Thus, in this case, as in many others, “a lost organ is 
regained”; and a bald statement to the contraiy is not only not 
a law, but it » not true. Moreover, it may not be argued that 
the law is true when appliod to Phylogenetio problems only, and 
not to Ontogeny. For, if there is any truth in the Biogenetic 
Law at all, it is curtain that what occurs in Ontogeny is of the 
same nature,, and governed by many of the same laws, as what 
occurs in Phylogeny; and if we frequently find that lost organs 
are regained in the course of Ontogeny, then it follows that we 
may by no means assert that the same possibility cannot hold 
for Phylogeny. With respect to.Law No.3, it is only necessary 
to remark that there is probably no Phylum in which rudiment¬ 
ary organs are so often redeveloped as in the Arthropoda, and 
that thiB is particularly true of appendages. 

It would seem much wiser to do without any attempt to formu¬ 
late laws (so-called) for the solving of Phylogenetic problems, and 
to treat each case, as it presents itself, upon its own merits. In 
most cases, for instance* it is quite capable of definite proof that, 
in a given phyletie series, an organ originally present baa been 
lost, and never regained in any of the descendant genera. In 
other cases, not so numerous it is true, it is capable of proof, by 
reference to paleontological evidence, that lost organs have been 
regained, or, perhaps, that organs which, on the strict applica¬ 
tion of Law No. 2, would have to be regarded as originally pre¬ 
sent and ftubsequeutly lost, are really new developments not 
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present in the Ancestral form. In such cases, a rigid application 
of the law would result in a complete inversion of the phylo¬ 
genetic conclusion. 

Meyrick himself applied his law chiefly to the problem of 
wing-venation in the Lepidoptera. 1 In a case like this, where 
almost the whole course of evolution is towards reduction and 
simplification, there is not much danger in its use. Yet even 
here caution is necessary. It is not true, for instance, that 
veins which have once been lost cannot be re-developed; nor is 
it true that new cross-veins cannot be formed in a wing-area in 
which no such structures existed in the ancestral form. One has 
only to examine the tracheation of the pupal wing in the Lepi- 
doptera to see that there is an immense field uf possibilities in 
both these directions, owing to the persistence of the finer 
trachece, ramifying in all directions beneath the wing-membrane. 
As long as these trachea* persist, so long must the possibility of 
an imaginal venations) mesh work reappearing be held to exist. 
Moreover, in a case in which the wing is changing its shape, so 
that a certain part of it may become broadened, it is exceedingly 
likely that one or more of the traoheie underlying the veinlets 
of this area will become lengthened and strengthened, so that it 
may eventually lead to the replacement of an original short vein- 
let by a longer oblique branch, which, on Meyrick’a interpreta¬ 
tion, would have to be regarded as an original archaic branch of 
the main vein from which it springs One of the best examples 
of this is the effect of the widening of the costal area in the 
Ptychoptidm, in which an originally fairly simple series of 
veinlets has become greatly lengthened and enlarged, most of its 
units branching many times; and all of them connected together 
by newly developed series of cross veins, which were certainly 
not present in the ancestral form. 

The above example shows us that, even in so restricted a study 
as that of Wing-Venation, Meyrick’s Law can only be used with 
great caution. It must be restricted to areas the wing that 
are undergoing reduction. In the present state of evolution of 
the Insect-Wing, it is certainly true that the tendency is towards 
reduction in the great majority of cases, but this cannot always 
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have been the case. Bearing in mind the complex nature of the 
wing-venation in the most archaic types of insects, we are bound 
tn conclude that, at the beginning of the evolution of the wing, 
there must have been a period of great enlargement, with a rapid 
and abundant production of veins in all parts (following upon 
the rapid increase in the tracheation of the developing organ). 
After this had reached its maximum, there t>egan a period of 
arrangement and reduction, during which the very beautiful and 
perfect wing-types at present existing were evolved. We may 
term the process by which any part of a wing becomes broadened, 
with consequent production of further venation in that area, 
Platygenesis (Or. irXarvv, broad); while the opposite process, in 
which the wing-area in question becomes reduced or narrowed, 
with consequent reduction or elimination of some of its existing 
venation, may be termed Stenogenesia (Or. vT«wfe, narrow). The 
development of the costal space in the Paychofida, of the 
enlarged anal area of the hind wing in Anisopterid Odonata, and 
of the wide anal fan in the Orthoptera, Ferlaria, and other 
insects, are good examples of Platygenesis; while the process of 
Stenogenesis can t>e followed out very fully in such an evolu¬ 
tionary series as the Diptera Nemoeera. 

Scheme qf the Work . 

We have already stated that phylogenetic conclusions, to be 
acceptable, must he based upon an examination of as many char¬ 
acters as possible. In undertaking an analysis of a large number 
of characters, two methods of procedure are possible. We may 
either select each Order in turn and study its characteristics 
fully, with a view to the determination of its Archetype; or we 
may select any given set of characters, as, for instance, those 
offered by the Wing-venation, and study them as they are ex¬ 
hibited throughout the whole of the Orders under discussion; 
proceeding to deal with other sets of • characters in subsequent 
parts of iha work. 

This ctecond method must obviously be the one chosen, for 
only by it can the neoessary comparisons lie made between the 
sime sells of characters in different Orders. Thus we have to 



BY B. J. TILLY A RD. 


283 


postpone the definition of Archetypes until the whole of the 
characters selected have been surveyed; and the final decision 
as to the phylogenetic relationships of the various Orders will 
not become fully apparent until the work iB completed. Mean¬ 
while, it seems advisable to select the characters for study in 
such a way that the work can be subdivided up into a series of 
parts, each complete in itself, and suitable for separate publica¬ 
tion. Working on these lines, we may conveniently begin with 
those characters which have been most used in phylogenetic 
discussions, and proceed to deal with the rest in a definite order. 
Thus we shall at first confine our attention to a study of the 
Wings alone, and these will occupy two or more parts of the 
work. Next to these, we shall take the Mouth-parts. Sub¬ 
sequent parts will deal with other imaginal structures; and, 
lastly, the structure of the larva and pupa will be reviewed. As 
regards the structure of the egg, and the Embryology, it is to be 
regretted that so little is known about the latter in the case of 
the more archaic Orders. As our knowledge stands at present, 
the evidence available on this point, for the purposes of this 
paper, is so incomplete, that it can have little bearing upon the 
main result. 

The investigations into this problem were actually begun 
about two years ago, and are still going on* I feel that I can 
safely leave the completion of the more specialised parts of the 
work to a later date; because, if I waited until they were all 
finished, the main conclusions of this work would not, perhaps, 
see the light of publicity for some years. The results already 
attained are^ to my mind, of such importance that I have no 
hesitation in placing them in the hands of the scientific public, 
and their value will not be lessened by delay in the completion 
of the whole fabric of my work. 
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ORDINARY MONTHLY MEETING. 


June 26th, 1918. 

Professor H. G. Chapman, M.D., B.S., President, in the Chair. 

A letter from Dr. T. Griffith Taylor, Melbourne, returning 
thanks for congratulations on the award to him of the David 
Syme Prize for 1918, was communicated to the Meeting. 

The President communicated some news of Lieutenant Gold¬ 
finch, a Soldier-Member in hospital in England, forwarded by 
Dr. A. J. Turner. It was resolved that a friendly message of 
sympathy should be sent. 

The Donations and Exchanges received since the previous 
Monthly Meeting (29th May, 1918), amounting to 42 Parts or 
Nos., 8 Bulletins, 3 Reports, and 12 Pamphlets, received from 39 
Societies, Institutions, etc., were laid upon the table. 
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Part i.—T hk VVino-ooupuno Apparatus, wftfPPRfXt 

RKFKRBNCB TO THK LkPJ^OPTKBA. j . 

By R. J. Tillyakd, M.A., D.Sc., F.L.S., F.E.8., Linnkan 
Maolray Fellow op thk Society in Zoology. 

(Plates xxix.-xxx., and sixteen Text-figures.) 

There can be little doubt that, in the original Ptorygote 
Insects, fore- and hindwings were independent in flight, and the 
muscles controlling them were innervated from two separate 
sources, viz., the ganglia of the mcso- and metathorax respect¬ 
ively. Coincidence of action or beat, then, between fore- and 
hindwings, without which flight would scarcely have become 
possible, must have been maintained through coordination of the 
two sets of nervous impulses sent out from these two ganglia. 

Now, in those Orders in which the wings were more or less 
hairy, the development of a fringe round the border of the wing 
would undoubtedly increase the sense of touch in these organs; 
since the macrotriehia, or larger setts of the wing; are of the 
type known as amaiUa, and were evidently developed at first as 
tactile organs. Hence it came about that, in the course of evo¬ 
lution, a further coordination was able to be established between 
the posterior portion of the base of theforewin^fiQd the anterior' 
portion of the base of the hind.* Such coordihafeea did not, at 
first, take the form of a definite linking-up of the iVo wings, but 

-- - - n . ■»,- — . —. .— - *’»■■■' . - - rjj UTpKjl 

* It should be borne in mind that the atruoturee here to be discussed 
were originally present on both wings; frenular bristles occur at base 
of fiomwng* of certain Meooptera, as welt as of hindwings; and a Jugal 
lobe is present at bases of both wings in certain Driohopters and in Micro* 
pkrpgidtt. But it is only on the potterior border of the forewing and the 
anterior border of the hind that they can corns intiroonteot, and to derelop 
into a coupling-apparatus. 
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consisted merely in the greater development of the sensitise of 
this region of the two wings, their contact acting as a guide in 
flight, much as the reins act in the driving of a horse, or the 
touch of the hand of one person in guiding another in the dark. 

To these structures, whether they act merely as a ynide, or 
whether they are more fully developed so as to link the two 
wings quite closely together, I propose to give the name “Wing¬ 
coupling Apparatus,” which 1 have already used in dealing with 
the Planipennia(lB). 

The complete, archaic wing-coupling apparatus consists of four 
distinct parts, two belonging to the forewing, and two to the 
hind. These are:— 

In the forewing 

(1) The area of contact with the hind wing or its bristles. 

(2) The bristles developed along the border of that area. 

In the hind wing 

(3) The area of contact with the forewing or its bristles. 

(4) The bristles developed along the bolder of that area. 

In the case under discussion, i./\, when the two areas of con¬ 
tact are located at the bases of the wings, we may name the 
parts as follows:— 

(1) The area of contact of the forewing with the hind, in so 
far as it projects beyond the general contour of the posterior 
border, may conveniently be termed thejugo l lobn, a term I have 
already employed in the paper mentioned above(12). A special¬ 
ised form of this area, in which it becomes an elongated, narrow 
process passing below the costa of the hindwing, is termed the 
jugum, this being the term first applied to such a process by 
Comstock in the Lepidoptera(l). 

(2) The bristles projecting from this area towards the hind¬ 
wing may be called the jugal bristles, 

(3) The area of contact of the hindwing with the fore, in so 
far as it projects beyond the general contour of the anterior or 
costal border, may be termed the humeral lobe. I had previously 
employed the term jugal process for this area in the Planipennia 
(it). But I now consider that this term is open to objection; as 
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it would certainly conduce to clearness, if the adjective jugal 
were to be employed only in connection with tjie forewing. As 
authors who have written upon the Lepidcdfe|h have generally 
alluded to this part of the hindwing as pr humeru* 

(a somewhat text general term), there can be little objection in 
replacing it by the term here proposed. 

(4) The bristles projecting from this area towards the forewing 
may be called the frenulum. This term is already in general use 
in the Lepidoptera, and should now be adopted for the homo¬ 
logous structures in other 1 Order’s. 

The relationships of these 
four parts to one another, in 
an ideal archaic coupling-ap¬ 
paratus, may be seen from 
Text-fig. 1, it being under¬ 
stood that, owing to the 
slightly higher level of the 
Text-fig. i. * fore wing, the frenulum passes 

beneath the jugal lobe, but the jugal bristles lie abiw the costa 
of the hindwing. 

We may now profitably study the formation of the coupling- 
apparatus in the wings of the different Orders comprising the 
Panorpoid Complex. From this discussion, we are compelled to 
omit the Protomecpptera (in which the bases of the wings have 
so far not been discovered in the fossils known), and the Aphani- 
ptera, in which the wings have been lost. 

Order MBCOPTERA. (Text-flgs.2-4). 

This is the only Order extant in which all four parts of the 
ideal coupling-apparatus can still be recognised. In Text-fig. 2, 
I have figured the coupling-apparatus from the pngs of two 
very archaic families, found only in Australia. In the family 
Chorieiida (Text-fig. 2a), there is a slightly projecting, but quite 

, * Ideal archaic wing-coupling apparatus at bases of wings: fr 9 frenulum; 
Fw, forewingt HI, humeral lobe; £fv>, hindwing; jb % jugal bristles; jt, jugal 
jobe, (Jugal bristles rest above costa of hindwing, but frarajarjgftsUes 
pass beneath jugal lobe of forewing). 
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definite, jugal lobe (jf), from the more distal portion of which 
arises a set of about a dozen small, but stiff and closely set, jugal 
bristle* (jb) f which make contact with the costa of the hindwing 
inflight. In the hindwing, there is a small but quite definite 
humeral lobe (hl) y from which spring the two enormous bristles 
of the frenulum (Jr), These latter, during flight, pass under — 
and, indeed; quite beyond the interior border of - the jugal lobe 
of the forewing. The whole apparatus is eminently suitable for 
maintaining contact between the two wings in flight, without in 
any way linking the hiudwi wg firmly to the fore. 

In the wings of the family Nannochori#tida> (Text-fig. 2b), which 
are specialised by-reduction, we 
meet with much the same struc¬ 
tures. But in this case there is a 
single, strong, jugal bristle on the 
forewiug, instead of a set of 
weaker bristles. The flight of 
these insects is the strongest of 
any in the Order, and the wings 
are closely linked together. The 
linking is accomplished by the 
two Nets of bristles. The frenu¬ 
lum passes under the jugal lobe, 
while the jugal bristle passes 
above the bases of the frenular 
bristles, and presses down upon 
the costal area of the hind wing, 
thus forming a very neat and 
perfect coupling-apparatus. 

In the archaic Meropxd(r( Text-fig.3), there is a peculiar special¬ 
isation not found anywhere else, to my knowledge, within the 
Insects. The jugal lobe bears a very distinct, Mack tubercle, 
projecting from its border. This tubercle appears to have been 

* Wing-ooupHng apparatus in Meooptera. a, In Tumiochorista pallida 
X.-P. r wings connected, viewed from beneath, 6, In Nannochorbta dipUr - 
aides Till., wings disconnected. (Both * 83). Lettering as in Ybxt-Ag.l. 
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formed by fusion of an original set of jugal bristles, as seen in 
Ckorista. A frenulum is also present, but reduced in size. 

In all other representatives of this Oidaffythe jugal bristles 
appear to be either absent or very weakly formed] and the whole 
coupling-apparatus shows a 
gradual reduction from dis¬ 
use, probably owing to a pro¬ 
gressive weakening in the 
flight of these somewhat lazy 
insects. Text-flg.3.* 

The culmination of this tendency is to be seen in the highly 
specialised BiltadcUr, in which fore- and hind wings have again 
returned to complete independence in 
flight, the wings becoming greatly nar¬ 
rowed and elongated, with petiolation 
of their bases. The coupling-apparatus 
is here only represented by a vestige of 
the humeral lobe, from which projects a 
single frenular bristle, which crosses a 
similar bristle developed from the ex¬ 
treme base of the forewing (Text-fig. 4). 
lieviewing the above evidence, it is clear that the Archetype 
of the Order Mecoptera must have had the complete archaic 
coupling-apparatus fully developed, very much as it still exists 
iu the ancient Chorirtidee today* 



Text-fig. 4. t* 


Order PLANIPENNIA. (Text-fig.5). 

Iu this Older, tlic coupling-apparatus is again best developed 
iu the more archaic families, notably in the Ilemerobiida* (Text- 
fig.fi). Jugal bristles are absent; but the frenulum is repre¬ 
sented either by one or two strong bristles (Jr). These bristles 

* Wing-coupling apparatus in Mttvpt tutor Newm., viewed from above, 
■bowing the large, black tubercle at base of forewing: hi, humeral lobe; 
(x40). 

t Reduced wfag-ooupling apparatus in Iforpobittacu* tiUywdi K.-P : 
b, bristle developed from extreme base of forewing; other lettering as in 
Text-fig. 1; (x 401. 
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project from the apex of a very strongly developed humeral lobe 
(hi). During flight, this latter lobe, together with its frenulum, 
passes under the jugal lobe of the forowing, which is hollowed 
out beneath for its reception. 

The same type of coupling-apparatus is to be found in all the 
other families, but it is generally much 
reduced in size, and does not appear to be 
functional. The tendency in the evolution 
of this Order has been to combine a pro¬ 
gressive narrowing of the wings with a 
gradual return to complete independence 
of fore- and hindwing in flight. In the 
highest families, Afyrmdeontidm and A*ca- 
laphidtB , the bases of the wings become shortly petiolate, and the 
original coupling-apparatus can only be made out as an extremely 
reduced remnant at the very bases of the wings. 

For this Order, then, we must assume an Archetype in which 
the archaic coupling-apparatus was complete in all except one 
particular, viz., that the jugal bristles were absent. 

Order MEGALOPTERA. (Text-figs.6-7). 

Throughout this Order, the hairy vestiture of the wings, both 
macro- and microtrichia, has been very much reduced. The most 
archaic type of coupling-apparatus known to me within the Order 
is to be found in a genus not # yet described, but allied both to 
the Corydalidm and the Sialidm, This possesses both jugal and 
humeral lobes, of small size, the latter with a few small hairs, 
the remnauts of the frenulum. In Siatie, the two lobes are 
present, but apparently hairless. 

In the Corydalidm (Text-fig. 6), as exemplified by Awhichauli- 
odet, the only genus that I have been able to study, the humeral 
lobe is much reduced, but the jugal lobe becomes a definite 
angular projection (ji) which presses down upon the costa of the 
hindwing. Further, the forewing overlaps the hind for a oon- 

* Wing-ooupling apparatus in Drtpmncra kumUis MoL., viewed from 
beneath; ( x 94). Lettering ae in Text-fig. 1. 



Text-tifrft.* 
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siderable distance beyond the base; and, by pressing down upon 
it, serves to increase the strength of the coupling in this rather 
powerfully-flying insect. This latter type of wing-coupling, 
which occurs also in many Trichoptera, and in some of the most 



Text-tig. <5. 

Wing-ooupliug apparatus in Archichauliodt* yuttiftma Wrflk., viewed from 
above; (x 12). A f beginning of ample*)form overfold; jl, jugal lobe. 

highly specialised Lepidoptera, I propose to term qmpleoiiform 
(Lat, amjrfrxtuti an embrace). It is always correlated with the 
disappearance of the frenulum. 



Reduced wing-ooupHng apparatus in Raphtdia imcnHcoHU Steph. ; ( x 40): 
hi, humeral bbe; ji. Jugal lobe; t, roughened tubercular patch. 

In the highest family of the Order, the terrestrial Itaphidiidat t 
both jugal and humeral lobes are present, but without bristles. 
There is, however, a very peculiar patch of roughened tubercles, 
situated on the posterior margin of the forewing, just beyond the 
jugal lobe (Text-fig, 7, f). This may possibly help in maintaining 
contact between the wings in flight 
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From the above evidence, we must presume that the Archetype 
of the Megaloptera possessed a somewhat reduced coupling-appa¬ 
ratus, in which the two lobes were present, the jugal bristles 
absent, and the frouular bristles probably quite vestigial. 

Order TRICHOPTERA. (Text-figs.8-9). 

In this Order, the original wing-coupling apparatus undergoes 
some remarkable developments, which have attracted very little 
notice from entomologists, so far. In all the oldest families, one 
can only recognise the jugal lobe, which is the anal lobe of Hys- 
tematists in this Order. This appears os a strongly projecting 
lobe at the base of the forewing, in such genera as RhyaeophUa 
(Text-fig.H, jl). There are neither jugal bristles nor frenulum; 
and-the humeral lobe is suppressed, or else only slightly developed. 

In uu cose does this jugal lobe pass under the hindwing during 
flight; it merely rests upon the costa from above. 

In the gioat majority of genera, the jugal lobe is absent or 
veetigial, and new elements of wiug-coup- 
ling have mode their appearance. This 
new type of wing-coupling is amplexi/omt, 
it is brought about by an overfold of 
the whole length of the anal aim of the 
forewing upon the costa of the hind. But 
besides this, there are many cases in Test-flg.8.* 
which the amplexiform coupling is strengthened by one of two 
new devices, as follows:— 

(1) Between the anal vain of the forewing, and the anal border, 
there may be developed a single row of stiff hairs, all pointing 
forwards and outwards, on the underside bf the wing. The row 
.of hairs upon the costal margin of the bindwing is also stiffened; 
so that, during flight, further strength is given to the amplexi- 
fovm coupling by the intermingling of these two sets of stiff 
hairs. I have seeu this type of coupling in an archaic Austra¬ 
lian genus of the family Phiyyaneida, not yet named. ' 

* Wing-coupling apparatus dor«/v7Piot ,^i«wod ten 

abovtt (x 19): jl, }ng»l kibe. 
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(2) Much more commonly, and especially noticeable in the 
families Laptowridm and Sn'ico*hnnal,itiit y is a type of coupling 
which T propose to term mullihamulat€ (Text-fig.9). In this, 
the it* w of hairs along the costa of the hind wing becomes special¬ 
ised, for a greater or less length, by the development of the hail's 
into stiff kooht, which grapple the anal margin of the forewing,' 
and so bring about a very perfect form of wing-coupling. This 
type will be recognised as that which also occurs universally 
throughout the Order Hymenoptera. 


Text tig.9. 

Row of hook let* developed along the middle portion of the acetal margin 
of the hindwing in Owttin »p., {Australia); (* 83). 

There are many genera in this Oitler in which certain of the 
inacrotrichia become developed into series of large, stiff bristles, 
closely resembling those of a typical frenulum. These most 
frequently occur along the main veins, or portions of them. 
Bearing this in mind, I have searched very carefully for a true 
frenulum in this Order, but I have not succeeded in finding one. 
In the males of the remarkable and highly specialised genus 
PlectrvtarsMy whose systematic position within the Suborder 
Tneequipalpia is still a matter of dispute, I have found a set of 
two or three strong bristles in the position of the frenulum. But 
they are absent in the female, and they play no part in the 
coupling of the wings, which is of an advanced aniplexiform type, 
with tiro jugal lobe quite small and non-functioual. In two other 
very spiny genera, vis., Chimarrha, and an unnamed Australian 
genus having whorls of numerous spines upon the tibia*, there 
are also stiff bristles iu the position of the frenulum, at least in 
the males. Those of the former genus are long and sleuder, and 
are arranged in two or more irregular rows, quite unlike a true 
frenulum'; while those of the Utter are also very long and slender, 
irregularly placed, and lying flat along the wing, parallel to the 
oosta. In neither case do they pUy any part in wing-coupling. 
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These developments must be regarded as isolated specialisations, 
which must be expected to occur throughout an Order in which 
all parts of the wing remain so well provided with hairs as in 
the Trichuptera. 

From the above evidence, we must conclude that the Arche¬ 
type of the Trichuptera already possessed a highly reduced 
coupling-apparatus, in which only one of the four original parts 
was represented, viz., the jugal lobe. This type may be designated 
as the archaic jugate type of wing-coupling* 

Order DTPTERA. 

In this Older, owing to the loss of the hind wings, there is no 
longer any need for a coupling-apparatus. But we can recognise 
the jugal lobe of the fora wing, in the form of the basal lobe 
known as the alula in this Older. 

It is clear, therefore, that the Archetyj>e of the Diptera re¬ 
sembled that of the Trichuptera in possessing the archaic jugate 
type of wing-coupling, in which ouly the jugal lobe is present. 

We might note here, parenthetically, that, in the other Holo- 
inetabolous Older (the Coleoptera), in which flight is carried on 
by only one pair of wings, there may still be found evidences of 
the original presence of a jugal lobe; e.g. y in certain Hydro- 
philidte , where this lobe is quite large and conspicuous, though 
it does not seem to perform any definite function. 

Older LEPIDOFl'KRA. 

(Text-figs. 10-16, and Plates xxix.-xxx M figs. 1-8). 

We have kept this Order to the last, because, within it, there 
are developed the most surprising and interesting of all the 
specialisations arising from the old type of basal coupling-appa¬ 
ratus, which we have already studied in the other Orders of the 
Complex. 

It has been frequently stated that certain families of Moths, 
viz., the JUicropteryyidm (sens. lal. % including the Erwcraniidce) 
and the Hepialidas y are distinguished from all other Lepidoptera 
by the nature of their wing-coupling apparatus. To these, Hay¬ 
rick ( 9 ) has lately added a third family, the ProMheorith^ which 
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he claims to be intermediate between the other two. These 
families together form the Suborder Jugata* of Comstock, or the 
group Micropterygina of Meyrick. The latter author (a, p.797) 
thus defines the chaiucter of the wiug-coupling apparatus in this 
group:—“Forewings with an oblique membranous dorsal process 
(jugum) near base, forming with the dorsal margin a notch or 
sinus, which receives the costa of the hindwingg. Hindwiiigs 
without frenulum/’ 

This may be taken as a standard definition of the jugiUn type 
of wing-coupling; provided that we add what is perhaps not 
quite apparent at first sight, that this true jUgUw passes nndrr 
the costa of the hindwing, and so forms the notch or sinus above- 
mentioned, in which the costa is held as in a finger-and-thumb 
grip. Tile nature of this coupling-apparatus is best understood 
by referring to Text-fig. 11. 

As contrasted with this juyate type, the rest of the Order is 
usually regarded as forming a single Subojder Freuata*,* in which 
the majority of the families possess a frenulum, but no jugum. A 
good definition of this character has been given by Moyrick(3, 
p.4):—“Generally from or near the base of the costa of the hind¬ 
wing rises a stiff bristle or group of bristly hairs, termed the 
frenulum, of which the apex passes under m ohitinous catch on 
the lower surface of the fore wing, termed the retinaculum, thus 
serving to lock the wings together; the frenulum is commonly 
single and strong in the male, multiple and weak in the female; 
the retinaculum in the female is commonly represented by a 
group of stiff scales. 1 ’ 

However, certain families of the Freuata, including the great 
division Rhopalocem or Butterflies, do not possess this frenulum. 
In these forms, the coupling of the wings in flight tit brought 
about by the downward pressure of the posterior Jpoargin or 
dorsum of the forewing upon the costa of the hind, the laCM£ on 
its part, pressing strongly upwards from beneath. The humeral 

* I fell to understood the use of the /emtose plural, since these words 
are adjectives, end should agree with the neuter plural noun Lepidoptara, 
1 propow, therefore, in future* to write thmJvgata and Itoaoto, respect* 
ivuly. 
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lobe of the hindwing is generally fairly large in these forms, thus 
allowing a greater area of the hindwing to pass under the fore 
than would be the case if it were normal in size, Thus.it will 
be seen that the type of coupling here represented is that which 
I have already termed, in the Megaloptera and Trichoptera, 
amp!mifatm. I propose to use this term to distinguish these 
groups from those possessing a frenulum, without in any way 
thereby indicating a belief that the amplexiform groups in the 
Lepidoptera constitute a single line of descent. For it must be 
evident that there is no reason why the frenulum may not have 
been lost independently along several distinct lines of descent, 
leaving us at the present time with several isolated amplexiform 
groups, each of which has its nearest relationship, not with the 
other Amplwifitrmui, but with a different frenAte group. 

As an illustration of thin, we find, in the Castniida% a family 
in which both the frenulum and the humeral lobe are well de¬ 
veloped. From such a group, either a typical Frenate group or 
a typical Amplexiform group might be descended; the former 
by reduction of the humeral lobe, the latter by loss of the 
frenulum. 

Considering that the condition of the wing-venation is of 
greater importance than the structuieof the wing-coupling appa¬ 
ratus, for the purposes of classification, I have already, in a pre¬ 
liminary report on this research (IS), suggested that the primary 
division of the Lepidoptera into two Suborders should be based 
upon the former instead of the latter. I therefore defined two 
Suborders as follows:— 

i. Suborder HOMONKURA. 

Venation of fore- and hind wings closely similar and of primi¬ 
tive design. (Families J ficropfcrygidoi («eaa. lot.), l } rototkmridit y 
and Ifepialidm), 

il Suborder HETERONEURA. 

Venation of hind wing reduced, and differing widely from that 
of the forewing. (All the other families). 

The reason for discarding the older terms Jugata and Frenate, 
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in favour of thin new division, will be more fully appreciated 
when we have completed our study of the Micropt#rygid<*. 

Adopting, then, the above terminology, we may now proceed 
to study in more detail the type of wing-coupling apparatus to 
tie found in the two divisions or Suborders. 

i. Suborder HOMONKURA. 

Family Microptekygidjr (m fat.). 

(Plate xxix., figs. 1-4, and Text-fig. 10). 

In this family, I made preparations from the wings of all five 
genera available to me, viz., Sahatinva , Aficroptn'yx, Afnemonica, 
JSriocrania, and ifnenarchcm. 

I should like here to thank the many kind correspondents who 
have supplied me with specimens of this family, at all times diffi¬ 
cult to obtain; and, in particular, Mr. Meyrick, for a series of 
set specimens representing all five genera; Mr. A. Philpott, for 
various New Zealand species, both set and in spirit, and for his 
valuable observations on the flight of Sabatinca; and Mr. K. J. 
Morton, of Edinburgh, for a large number of spirit-specimens, 
which yielded excellent mounts and dissections. 

In dealing with this family, I was at once struck by the 
behaviour of the so-called jugum in cleared and mounted speci¬ 
mens. Instead of arranging itself as a free lobe at the base of 
the dorsum of the forewing, I found that it always insisted upon 
remaining twisted under the wing itself, and that this position 
could only be altered with difficulty, by drawing the jugum out 
from under the wing with a needle. (Plate xxix., flg.l, and Text- 
fig.lOo, d). 

Referring to figures of this jugum already published, I found 
that Comstock (1), Forbes (S), and Meyrick (S, i) had all figured it 
as a projecting lobe, whereas Packard<10,11) alone had depicted 
the true position; though without, apparently, any idea of its 
significance. 

Turning next to the examination of cleared and descaled 
mounts of the hindwing, I found invariably from three to six 
large bases of insertion (Plate xxix., fig.3, and Text-fig* 10, b.Jr.) 
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of a circular shape, situated along the costal border in the region 
of the humeral lobe, this latter being only a slight prominence. 
Comparing these with the bases of insertion of neighbouring 
scales (sc), I found that they were of very much greater rise, as 
well as of more regular shape. Tt was evident, therefore, that 
they were not the bases of either typical scales or of hairs, but 
that they must lielong to a scries 
of strong bi'httff*#, which had been 
removed during the process of 
descaling. This led me to infer 
the presence of a true frmnlnm 
in this family. 

The next step was to examine 
set specimens from the underside, 
under a fairly high power of the 
microscope. To do this, I clipped 
off the pin close to the underside 
of the thorax, and then inserted 
the head of the pin into a piece 
of indiarubber, so that the moth 
was exposed ventral side upper¬ 
most. By this means the lens 
could be brought close down upon 
the wings, without touching the 
pin* Text-fig. 10.* 

The immediate result of this examination was the discovery of 
a set of strong bristles, nearly always three or four in number, 
more rarely two, five, or six, constituting a true frenulum , but 
directed outwards and upwards at a very slight inclination to 



* Wing-coupling apparatus In Sabatinca iwwnynulla Walk., (New Zea¬ 
land, fam. MicropterygUUr) : a, base of dorsUm of forewing In ?, viewed 
from beneath; (x 88): K base of eosta of hindwing in 9 (deeoaled); (x 88): 
c f portion of the same enlarged, to show insertions of frenular bristles 
(6t/Vv) and insertions of scales (sc.) from a part of the same wing for com- 
parison; (x 820): d, bases of wings in 4 , the forewing viewed from 
beneath, the hindwing from above; (x 83): fr, frenulum; hi, humeral lobe; 
jh jugal lobe, {ty Plate xxix., figs. 14). 
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the costa of the win# (Text-fig, 10, fr), It is these bristles, and 
9iot the costa of the hindunng itself, which became engaged in the 
slit or sinus formed between the jugum and dorsum of the forewing. 
Although the difficulty of setting these tiny moths in the natural 
position must be very great, I actually found three specimens in 
which one or both wings had become engaged in the natural 
manner; and one of these came from Mr. Meyrick’s own col¬ 
lection. 

Wishing to have my result tested in the field, I wrote at once 
to Mr. A. Fhilpott, of Invercargill, N.Z., asking him to investi¬ 
gate the coupling-apparatus in the wings of the living insect, and 
sending him careful drawings of my results. The only species 
that he was able to study was a new species of Sahatinca, of 
which he reported that the coupling apparatus was exactly the 
same, in structure and position, as that of 8, incongruella, repre¬ 
sented in my drawings. He also added some valuable notes on 
the habits of flight and rest in this species.* 

We come, then, to the following conclusions with regard to the 
Micropierygidat :— 

(1) In so far as it is a fact, that a definite and well-developed 
frenulum is present in this family, they are of a frenate rather 
than a jugate type. 

(2) In so far as the so-called jugum does not pass backwards 
under the hindwing, so as to engage the costa in a finger-and- 
thumh grip, it is not a true jugum, but must be termed a jugal 
lobs; also, for the same reaaoti, these moths are not true jngat* 
types. 

(3) Since the jugal lobe is turned forwards under the forewiug, 
and acta as a catch for the frenulum, it is clear that it should be 
regarded as an archaic form of retinaculum, analogous to, but 
npt homologous with, the retinaculum found in the true Frenate 
forms.' 

(4) From this, it will be seen that the J ficropterygidce combine 
v in themselves certain characters belonging to both Jugate and 

Frenate types. 

• These are given in an Appendix to this Fart, on p 318 . 
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T propose, therefore, to designate the kind of wing-coupling 
apparatus found in this family as Jnqo-frimate, 

Apart from the specialisation shown in the actual underfolding 
of the jugal lobe, and the consequent alteration in the direction 
of the frenular bristles, so os to Ho more nearly parallel with the 
costa of the hindwing, it will at once be seen tljat this type of 
coupling is the exact homologue of that found in the older Orders 
Mecoptera and Planipennia. It agrees moro closely with the 
latter, since both have lost the jugal bristles; but differs from it 
in the larger number of frenular bristles, and in the less definite 
development of the humeral lobe. 

Thus we come to the logical conclusion, that the archaic jugo 
frenate type, found in the older Orders of the Panorpoid Complex, 
is represented, at the very base of the Lepidoptero, by a some¬ 
what more specialised jugo-frenate type, in which the retiimcular 
nature of the jugal lobe, already existing in the Planipenniu, is 
more accentuated by underfolding, so that the frenular bristles 
are held in a firmer grasp. 

Having now fully reviewed the position in the Microptrryyidtr, 
we may pass on to consider the mow specialised families. 

Families Hkpialidxb and Protothrohidr, 
(Plate xxx., flg.5, and Text-figs. 11-12). 

In the N?pialid(*> I have studied all the Australian genera 
available, together with the Palrcarctic genus /fr/na/u*, of which 
I possess a number of specimens. In the Prvtothm'idmi 
through the kindness of Dr. Pdringuey, Director of the Houth 
African Museum, Capetown, I have received two specimens for 
study, one of which proved to belong to Mr. Meyrick’s Proto- 
th*ora p*tro**ma (9), while the other appears to represent a new 
species, not yet described. 

The typical jugum found in tjie great majority of the Jftpi- 
alidr*, and also in the genus Protothtora, is shown in 7ext-fig.ll, 
and also in Plate xxx., flg.ft. It is a long and fairly stiff Anger- 
like process (in most species carrying very long and abundant 
hairs), which projects well below the costa of the hindwing 
during flight, and engages it in a strong flnger-and^thumb grip. 
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The resulting flight is, in most cases, exceedingly swift and 
strong; indeed, there is one Australian species common enough 
about Sydney, Prrmecti* an8trafa*iw Don., in which the males 

tty so swiftly as to be 
almost invisible, and 
are most difficult to 
catch. One has only 
to watch, too, the man- 
tpuvres which both 
sexes carry out during 
courting, to be con¬ 
vinced that dexterity 
of flight is carried very 
far in this family, and is certainly not surpassed by the greater 
number of Heteroneurous forms. We may, therefore, regard 
this true jugate type as a high specialisation, veiy superior to the 
jugo-frenate type of the Micropterygicfa, 

In the genus Profotheora, I find no difference from the typical 
jugate type of the IfepialicUr. The jugum is long and narrow, 
and the costa of the hindwing is quite devoid of bristleB. 

In the new (undescribed) species of the Prototheoridc s which I 
examined, there is a more primitive type of jugum, in the form 
of a triangular lobe, only slightly more prominent than that to 
be seen in many Trichoptera. As in this latter Order, this lobe 
does not act as a true jugum, but appears to rest upon the upper 
surface of the hindwing, just overlapping the costa. I do not 
know whether this character is a constant for this species, having 
only examined one specimen. It should be noted that, in study¬ 
ing a long series of Hepialida, a very similar development mani¬ 
festo itself occasionally in one or both wings, especially in the 
genera Charagia and Porina* Such occasional developments are 
to be regarded as strictly atavistic, and indicate the evolution of 
the highly specialised jugum from the older jugal lobe 

* Wing-coupling apparatus in Charagia tximia Scott, viewed from 
beuestb, with hairs removed; (x 12): /, jugum; jugal sinus. (Of. Plate 
xxx M 4g,6), 
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Some interesting deviations from the normal jugate type may 
now be noted in the Htpialida :— 

(1) In the genus P%dns> the jugum is a hard chitinous rod, 
somewhat truncated at its tip, and placed so as to project de¬ 
finitely beneath the anal area of the forewing (Text-fig. 12). It 
is quite impossible to make this rod pass under the costa of the 
hindwing, either in the living or freshly-killed insect. But it 
will fit quite easily above the costa of the hindwing, near the 
base, where there can be found, in specimens that have been on 
the wing, a deep groove worn in an oblique direction in the dense 
hairs that clothe the area around the humeral cross-vein. 

It would appear, then, that this genus differs from the rest of 
the family in having the jugum resting abort the costa, not 
l>eneath it, and also in the structure and position of the organ 
itself. We should, therefore, regal'd this genus as highly 
specialised. 

(2) Tn the genus Ltlo, some specimens show a veiy weakly 

formed jugum of very 
small size for the bulk 
of the insect; while 
others liave none at 
all. The bases of the 
wings are densely 
clothed with long, soft 
hairs. The method of 
coupling in these mag¬ 
nificent insects, whiqh 
are said to have"great Text-fig.12.* 

powers of flight, appears to be practically amplexifarm, the anal 
field of |he forewing being bounded anteriorly by a very strongly 
developed 1A, and overlapping the costa of $he hind wing to a 
considerable extent in flight. 

■ (3) In the small moths of the genus Fraut t the jugum is very 
short, yet it undoubtedly secures the costa of the hindwing in 

* Jugum of Pitlut kyalmatn* Don., 9, viewed from beneath, to show 
natural position under anal area of forewing; ( # 6). 
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the typical manner. Of the New Zealand Porina nmhracnlata , 
Mr. Philpott writes, “the jugum is so small as to seem worthless 
as a coupling in the manner of finger>and-thumb.” 

Thus we see that there is a considerable diversity in the form 
and function of the jugum, as developed in the Jfrpialick*. 

The discussion as to how the highly specialised jugum of the 
HepiaHda is related to the jugo-frenate type of coupling-appa¬ 
ratus found in the Micropterygidkr is best left until we have 
dealt with the Heteroneura. 

ii. Suborder HKTKRONEUKA. 

A. Frenatk Types. (Plate xxx., figs.6-8, and Text-figs, 13-16), 
Meyrick’s excellent definition of the frenate type has already 
been quoted on p.296. We may now profitably study, in more 
detail, the differences between the female and male types. 

These differences are clearly correlated with differences in the 
power and frequency of flight. In those forms in which the 
female flies but little, the frenulum remains small, and composed 
of a number of separate bristles, while that of the strongly-flying 
male may be very large and strong. But in other forms, in 
which both sexes fly almost equally well, the frenulum of the 
female may be almost as strongly formed as that of the male, 
though never consisting actually of a single bristle. 



. Text-fig. 18. 

Wing-ooupling apparatus of ffippotum mrqf* (Boisg.), 9, Showing fren¬ 
ulum of eight separate bristles, and retinaculum of halve arising from 
rabitas(Oe); viewed from beneath) (x 16)i A/, humeral lobe. 

Text-fig. 13 shows the frenulutn of a jemate Spbingid (Hippoiion 
tcrtfa Bpied.). The bristles composing it are eight or nine in 
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number, all quite separate, but closely sot together, as shown in 
the figure. 

The retinas,"him, or catch, which holds these bristles in place, 
is a very generalised structure, being nothing more than the 
somewhat stiffened hail’s or scales which arise from the underside 
of the cubital vein of the forewing, and run obliquely forward 
and distad. The inamier in which the frenulum is held in place 
by these hairs is closely similar to that by which the juguin of 
PifiJm is held in its groove by the hairs on the costa of the 
hindwing. 



Text-fig. 14. 

Wing-oouphiig apparatus of Plmia vtrtiaJlafn (truer.), y, nhowing fren¬ 
ulum of two strung bristles, and retinaculum of stiff hairs arising from 
trahitiis {On); viewed from beneath; ('K 30): hl t humeral lobe. 

In the Nuctuid genus Plmitt, in which males and females fly 
almost equally well, we may see a much more highly specialised 
coupling-apparatus in the female. Here, the frenulum is com¬ 
posed of only two (sometimes three) bristles, apparently formed 
by the fusion of an original greater number, and almost as long 
as those of the male. The retinaculum, too, is more strongly de¬ 
veloped, the haire being stifier and more closely set, so as to form 
a very definite catch for the frenulum (Text-fig. 14), 

Turning next to the males, we And, in every case, a highly 
specialised condition present (Plate xxx., flg.6, and Text-fig. 15). 
Here, the frenulum is represented by a single huge bristle, 
which may even reach to more than half the length of the wing, 
as in the family chicks As Packard (19) has already shown, 
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if this apparently single bristle be cut across near its base, the 
separate interior channels of the bristles of which it is actually 
composed can be easily recognised. Thus, we see that the large, 
male frenular bristle is not formed by hypertrophy of one of the 
original series at the expense of all the rest, but by fusion and 
lengthening of the whole set. The longitudinal fluting visible 
along the somewhat flattened basal part of this bristle is also 
evidence of its composite nature. 

R 


Tuxt-lig. 1.x 

Wing-coupling apparatus of Hippolion trrofa (Boutd.), 4 , shuwiug single, 
strong, frenular bristle, engaged in hasp-like ohitmouu retinaculum 
developed from the radius (ft); viewed from beneath; (xl4); h? % 
humeral lobe. 

The ratinaeulnm in the tnatet w * highly specialised structure, 
having no liomologue in the female, or in any other insect. It 
consists of a strong, curved, cbJtinous catch, directed posteriorly 
towards the hindwing, and developed from the underside of *1ie 
strong radius of the forewing, not very far from its base. vJfFhis 
structure is hasp-shaped, and forms a very efficient catch for the 
frenulum, which is able to slide to and fro withiu its grasp, 
during flight, without running any risk of becoming detached 
(Text-fig. IB). 

It is curious to note the difference in action required for the 
coupling of the wings in the two sexes, owing to the difference 
in position of the retinaculum. In the female, we must move 
the hindwing sharply forward, and then let it fall gently back, 
so that the frenulum may become engaged in the catching hairs. 
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But it is necessary to more the fortwing sharply forward, if one 
desires to secure the coupling of the two wings in the male. In 
doing this, the stationary frenulum is caught up by the moving 
hasp-like retinaculum; and the grip, once effected, is not easily 
lost. 

We may summarise these results briefly as follows;— 

Female .—Unspecialised frenulum of from two to nine separate 
bristles set closely together. Unspecialised retinaculum of stiff 
hairs or scales directed anteriorly, and developed from the under¬ 
side of the cubitus of the forewing. 

Male .—Specialised frenulum of a single, large, composite 
bristle, formed by fusion of the original series of separate bristles. 
Specialised retinaculum in the form of a cbitinous hasp, directed 
posteriorly, and developed from the underside of the radius. 

B. Ahplkxiform Typbs. 

The groups which have lost the frenulum and adopted the 
amphmifarm type of wing-coupling (in which connection is main¬ 
tained simply by overlapping of the anal area of the forewmg 
upon the well developed costal area of the hind, including the 
enlarged humeral lobe) may be arranged in three super-families; 
viz., the Baturniina, the Lamocampina, and the Papilionina or 
Rhopalooera. These three do not appear to be very closely 
related. 

The Saturniina comprise the large and highly specialised group 
of the Atlas Moths or Emperors. These possess neither frenulum 
nor proboscis, and have a highly specialised venation. Meyriek 
places them as the last of his series Notodontina; but this 
arrangement does not seem to be generally accepted by other 
Lepidopterists. 

The Lasiocampina form a natural group, if the Eitptcrotidas 
and Drepanida be included in them. In the former family, a 
frenulum is present; in the latter, most of the genera show a 
small or reduced frenulum. In the other two families, the 
Endromida and Latiooampuk s, the frenulum is absent. These 
last show a very high specialisation of the sropfaxiform arrange? 
went, in certain genera. For instance, in Lariocampa, the 
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h a me ml lobe is greatly enlarged, and is supported by a series of 
recently formed ribs or cross-vein*. 

The Fapilionina form another natural group, whose origin 
appears to be much in doubt* Meyrick and Hainpson consider 
them to be derived from the Thyrididte. The Jlesperiidtr, how- 
ever, grade so closely into the Ctwiniidm in Australia, where 
forms like fiwcJiemon are iff Hesperiid structure in all but the 
possession of the frenulum, that it is difficult to cast aside the 
belief, held by the opposite school of LepidopteristN, that the 
Ctutlniidee closely approximate to the ancestral form from which 
the higher Butterflies, through the He#p*riid<K y have been derived. 

C. Tins Family Castniim. 

Much light can be thrown upon the evolution of the two types 
of frenulum, in the male und female of Hcteroneura respectively, 
us well as upon the origin of Ainplexiform types, by the study of 



Text-fig-10. 

Wmgoouplmg apparatus of tiyutnon Aesperokfoi Feld., 6 , viewed from 
beneath; ( x 14): /r, frenulum; Fw, forewing; H*r t hindwing; W t re- 
tinaoulum developed*from radius (A); ri\ retinaculum developed from 
xrahitu* (6 r »); iu 9 , this latter alone occurs. 

the family Gastniidtc.* In this family, both the humeral lobe 
and the frenular bristles may be seen well developed, in such a 
genus as Synemon (Text-fig. 16). In the males of this genus, the 

* For theeuppty of material for study in this family, I am indebted to 
Mr. Geo. i*ell, F.K.8., of Gisborne, Vic: 
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frenulum is of the usual type, elongated, and with all the 
bristles fused together into a single, strong bristle. Tn the 
female, there are two long and delicate bristles (as in Ptuxia) 
accompanied usually by several shorter bristles at their base. 
The retinaculum of the female is of the usual type, consisting of 
a patch of forwardly projecting scales, developed oil the under¬ 
side of the cubitus of the forewiug; but this retinaculum is situ¬ 
ated so far from the wing-base, that only the two longer bristles 
can liecome engaged in it, and the connection appears to be easily 
lost during flight In the male, this retinaculum of scales upon 
the cubitus is retained quite tampicoon*!y (Text-fig. 16, rt f ) , to¬ 
gether with an additional development of a diyht overj'ulding of 
the edge of the radius in a backward direction (rt). Usually, 
during flight, the frenulum of the male Is caught in .the curve of 
this overfold, as shown in the figure. But if, at any time, the 
frenulum slips out of this somewhat precarious hold, it is then 
caught up by the still existing retinaculum on the cubitus, and 
the insect can continue its flight in the manner of the female. 

Thus we see that, in tfy newton, the type of coupling-apparatus 
for the wings is much closer, in the two sexes, than it is in other 
fivnate moths; and we can scarcely doubt that the condition in 
the male of this genus is that which preceded, in the inales of 
other frenate moths, the more specialised condition that we find 
in them at present. 

If now, we turn to the genus Ettechemon, which is claimed by 
some authors m a moth, by others as a butterfly, we find that 
the male has a well-developed frenulum and retinaculum of the 
type found in other frenate moths, i.e., more highly specialised 
than in tiynemon. But, on examining the female, I was surprised 
to find no trace whatever of a frenulum or retinaculum; and it 
it is evident that this sex couples its wings in the amplexiform 
manner of the Butterflies, by means of its large humeral lobe. 
Thus, judged only on the form of its wing-coupling apparatus, 
the male of Eutchemon is a frenate moth, the female a butterfly. 
This genua, then, exactly bridges the gap between the old sub¬ 
divisions Heterecotu and Rhopatocera*. That tins is not a mere 
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chance convergence* I shall hope to prove in detail later on, when 
uecotne to consider the question of larval forms; the larva of 
Knuchnnon being, in almost every respect, that of a typical 
Hesperiid. 

From the above evidence, the origin of the Amplexiform type 
of wing-ooupling in the Butterflies is naturally suggested as fol¬ 
lows. The ancestors of the Butterflies must have had a wing- 
coupling apparatus of the type seen in Synmnon at the present 
day. By developing a manner of flight differing^,! $om that of 
the moths, principally in the greater amplitude of wing-stroke 
but lesser number of vibrations per second, the delicate, elong¬ 
ated bristles of the frenulum in the female first began to fail to 
hold the wings in position. The retinaculum being already too 
far out for tbe shorter bristles to be of any use, the whole 
frenular apparatus would then rapidly become aborted, and the 
insect would depend upon the pressure exerted by the large 
humeral lobe of the hiudwing for keeping the wings in position. 
That is to say, the Amplexiform type of wing-coupling first 
became adopted in tbe female only, as we see it in Etutchnnon 
at the present day. Next, considering the question of the male, 
evolution could still proceed along one of two directions: either 
the overfolding of the radius might contiuue to increase, until 
an efficacious, hasp-shaped retinaculum (of the type seen in most 
male frenate moths) had been developed, thus saving the stronger 
frenulum of this sex from extinction; or the line of evolution 
might follow that of the female, presumably by the change in 
the method of flight making it impossible for even this strong 
frenulum to continue its hold upon the retinaculum, at a time 
when the latter had not f yet reached the hasp-shaped stage. In 
that case, frenulum and retinaculum would, in the end, become 
aborted, as in the female, feud we should arrive at the foil Am- 
plexiform type exhibited by the Butterflies in both sexes. 
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The following Table will exhibit, in a concise manner, the 
differences in the condition of the wing-coupling apparatus studied 


above:— 



Group 

Sex 

Frenulum 

i 

Retinaculum 
on oubituH 

Retinaculum 
on radius 


f : 

9 

short unfitted 

1 bristles 

present ] 

absent 


Typical J 

Heteroneura | 

<5 

single long bris- 

absent 

present 


1 


tie (original 
bristles fused) 


i 

i 

Corfu iidtt *:— 




; 

absent 


'Syuimon 

9 

two long and 
several short 

present 





bristles, tin fused 




Synemon 

4 

single long bris¬ 

present 

present, 



tle (original 

• 

weakly 




bristles fused) 


formed 


h!n*chemon 

9 

absent 1 

absent 

absent 


Emchv.mon 

4 

single long bris¬ 
tle (original 

| absent 

present, as a 
strung hasp 




bristles fused) 


Papihonina \ 

Satumiina* f 

lAsiooampina* (por- ) 
tim) 

9 4 

absent 

1 absent 

i 

i 

absent 


Form or thk Coupling-apparatus in thk Archktypk op the 
Lkpidoptkua. 

Reviewing' all the above evidence, it becomes clear that the 
oldest existing form of coupling-apparatus, vis,, that of the 
MierupterygtdcB, i s already specialised in a direction from which 

* It to not suggested here that the evolution of the amplexiform type in 
the Hetoraiine and laslooampina has been along the seme lines as that of 
the Papillonina. In the Uaiuoempine, at any rate, a study of the con¬ 
dition* to be seen in the Drtpanidm would suggest a direct deeoent from 
Kopterotid-like ancestors with the frcnete wing-coupling apparatus fully 
developed. Thus the Papillonina are probably of remoter origin than 
either the BeturnUsa or the higher families of the Laakwaapina. 
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the true Jugate and Frenate types cannot possibly be derived, 
because of the alteration of the direction of the frenular bristles, 
ami the tuming-under of the jugal lobe. We must conclude, 
therefore, that the Archetype of the Lepidoptem possessed a 
primitive jugo-frenate type of coupling-apparatus, of the form 
found in the Planipenuia; »>., with all parts present and norma], 
except the jugal bristles, which were absent. 

General Conclusions. 

Reviewing the evidence afforded by all the Orders of the 
Panorpoid Complex, we may legitimately arrive at the following 
conclusions:— 

(1) The original coupling-apparatus was situated at the bases 
of the wings, and was of a primitive jnyo-frerude type, in which 
each wing developed a slight lobe towards the other, and these 
lobes bore projecting bristles which came into contact, and so set 
up a tactile connection between the two wings, to help in tho 
coordination of the act of flight. By increase in the size of the 
lobes, or the leugth of the bristles, the connection became of a 
more intimate kind, a certain amount of pressure being exerted 
to keep the wings in position during flight. 

tu this primitive type, there were originally "four elemeuts 
represented, viz., th o jugal loba with its jugal IrrMt* on the fore- 
wing, auc^ the humeral Mte with its frenulum on the hind. 

(2) The only Older which has retained this aucient type of 
coupling-apparatus in its entirety is the Mecoptcra; and, in this 
Older, the apparatus is only fully functional in the two archaic 
families Churislidtv and Saunochorietidos. 

(3) By loss of the jugal bristles, and by increase of the size 
of the two lobes, there arose the modification of the jugo-frenate 
type seen in the Planipenuia. This also is only fully functional 
in the older families, such as the Ilvmerobiidte. 

(4) By loss of the frenular bristles, reduction of , the 
humeral lobe, and increase in the size of the jugal lobe, there 
arose the, series of types seen in the Megaloptera, Trichoptera, 

^fctnd tlio true Jugate Lepidoptem ( llepiatidte and Protvthcoridoi). 
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These parallel reductions must be conceived of as having taken 
place quite apart from one another phyletieally, and probably at 
quite different geological periods. Though passing through the 
same series of reductions, these three groups arrive at quite 
different final results, as may be seen by comparing Raphidia 
(Tcxt-fig.7) with Oecetis (Text*fig.9) and with Cftarayia (Text- 

«g.U>. 

(B) The highest specialisation of the old jugo-frenate type, still 
preserving the original characters of that type, is the jugo-frenate 
type of the Miwopteryyida?, in which the jugal lobe is folded 
under the forewing, so as to become directed forward and out¬ 
ward, and the frenulum becomes engaged in the groove so formed. 
Thus the jugal loha functions as the most archaic form of retina¬ 
culum yet discovered* 

(6) The origin of the specialised jugum of the Jfepialidat and 
Protothcttrida* is not to be traced directly from the Micropterygid 
type, but from an older, unspecialised, jugo-frenate type, such as 
we find in the Planipennia. The jugal lobe remains projecting 
outwards and downwards, not turned forwards to pass under the 
forewing. At first, it rested upon the costa of the hind wing, as 
in the older forms of Trichoptera. The frenulum, being useless, 
disappeared. A later and higher specialisation led to the length¬ 
ening and narrowing of the jugum, and finally to its adopting 
the position seen in most of the Hepurfidcc* 

(7) From this, it follows that no existing type within the 
Lepidoptera of to-day represents the true anoestral form or 
Archetype of the Order. That Archetype must have possessed 
an nnspccialitted, jugo-frenate coupling-apparatus, probably with¬ 
out jugal bristles, as in the Planipennia to-day. The develop¬ 
ment'of the specialised jugo-frenate type of the Afi&'opterygiefa, 
on'the one hand, and of the specialised jugate, type of the ffepi- 
olidm and Prototheorufa on the other, must have proceeded upon 
divergent lines. 

(8) The frenate forms amongst the Lepidoptera are also de¬ 
rived from the anehetypic jugo-frenate torp, and not directly 
from the Micrcpterygufa, as is proved by the bristles of the 
frenulum maintaining their original dirfctfch. This line was 
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evolved simply by lose of the archaic jugal lobe, with correlated 
reduction in size and strength of the hindwing, as it became 
more and more dependent upon the fore in flight. 

11m m«jst ancient type of frenate coupling is that preserved 
for 11 s in the females of the whole series, where the bristles 
remain short and unspecialisod, and the retinaculum is former! 
simply from the brush of stiff hairs or scales, that project for¬ 
wards from the underside of the cubitus on the forewing. 

Tn the males, there is a higher degree of specialisation, the 
frenular bristles becoming fused together And greatly lengthened, 
while a new and more effective retinaculum is developed from 
the underside of the radius in the forewing, in the form of a 
posteriorly projecting hasp or catch of chitin. 

(9) The amplexiform types amongst the Lepidoptera Hetero- 
neura are to be regarded as a series of separate developments 
(probably three in number) from originally frenate ancestral 
forms. Of these, the most evident connection would appear to 
be that uniting the frenate Castniidag, with their well developed 
humeral lobe and clubbed antennas, with the very similar but 
non-f renate Hiitpmufo. 

(10) The only portion of the original coupling-apparatus left 
in the highly specialised Order Diptera is the jugal lobe, which 
becomes enlarged to form the alula. 

We may now exhibit, in the form of a short Table, the state 
at the coupling-apparatus in the various existing groups, to which 
we must add the Archetypes of the several Orders, as these 
results will be required in the final discussion on the Phylogeny 
of the Orders. (See pp.316-317). 
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SUOUKSTKB CLASSIFICATION FOR THR LrPIDOPTERA. 

The characters here studied, though not suitable (nr the main 
subdivision of the Order into two Suborders, may be legitimately 
used for the sulxlivision of the first of the two Suborders which 
we have Itased upon the wing-venation, viz., the Hotnoneura, 
They cannot, however, be used in subdividing the Heteroneura, 
since the three Ainplexiform groups do not He along one single 
line of descent. 

We may, therefore, adopt the following classfication:— 

Order LEPIDOPTEKA. 

1. 8uborder HOMONEURA. 

Venation of fore- and hind wings closely similar and of primi¬ 
tive design. 

Division A. Jugo-frknaia. —AVith archaic jugo-frenate coup¬ 
ling-apparatus consisting of jugal lobe, humeral lobe, and frenu¬ 
lum; the jugal lobe turned under the forewing, and acting as a 
retinaculum for the forewing.Family Micropt&rygida (s.lat.). 

Division B. Jugata. —With specialised jugate coupling-appa¬ 
ratus; the frenulum absent, the jugal lobe elongated and nar¬ 
rowed, usually passing beneath the hind wing.. 

.Families HepiaHdm and Prototheorida . 

*2. Suborder HETERONEURA. 

Venation of fore- and hindwings dissimilar, that of the hind¬ 
wing being strongly reduced in comparison with tliat of the 
forewing. Coupling-apparatus of frenate type, except in three 
of the highest groups, in which the frenulum is absent and the 
coupling is of the ainplexiform type. 

(Division of the immense number pi forms into superfamilies 
and families must be based upon wing-venational and other 
characters). 






Tabu showwc tbs Ooxpmos or thb Pasts or the Wisu-cocpuso Apparatus is the various Orders 
or ns Fasorpoid Complex, including their Archetypes. 
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Apmmdix. 

Note on the habits of flight and resting position of Sabatvnea. 

The following note, communicated to me in January last by 
Mr. A. Philpott, of Invercargill, N.Z., throws some new light 
upon the habits of this archaic genus:—“Since returning home, 
I have been watching for the new species of Sabatimca in a little 
bit of bush near my house. The weather is still broken, but on 
sunny days I have been able to learn a little about this species. 
I have seen several, always on or near certain mossy logs. The 
moth sits with its wings held roof-wise over the body. The head 
and thorax are held high up, as if ready to jump. When taking 
flight, the insect seems to spring into the air with closed wings, 
and then to fly forwards in a rather feeble and fluttering manner. 
They do not fly far; five or six feet is a rather long distance for 
them. The antenna are always held widely separated, pointing 
obliquely forward and upward. I am keeping some in a jar with 
moss, in an endeavour to get some eggs and larvts, but with no 
result so far. When touched, these captives spring an inch or 
two sideways, backwards, or forwards with equal ease; The 
feeble fluttering flight of this species, and I suppose it to be char¬ 
acteristic of the gepuB, is in marked contrast to the strong, 
dashing, swift motion of the Hepialida. The jugal lobe is folded 
bank as in 8. tneongrtuUa-, the frenulum is similar to your 
drawing. 
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EXPLANATION OF PLATES XXIX.-XXX. 

Plate xxix. 

Fig.l,—Jugum of Micropteryx arancdla Soopoli, viewed from beneath; 
A (x 150). 

Fig.2.—Frenulum of same, viewed from beneath; (x 125). 

Fig. 3.—Humeral lobe and bases of insertion of frenular bristles in Saba- 
tinea incongrntUa (Walker); (x250). 

Fig. 4.—Frenulum of Micropteryx thmbtrgella Fabr,; (x 125), 
(Photomicrographs from desoaled, cleared and mounted specimens, 
The jugal lobe in Fig.l, and the humeral lobes in Figs. 2 and 4, have 
beoome cracked across near their bases, owing to the pressure of the cover- 
glass uponold and brittle material. Owing to the same cause, the frenular 
bristles have become preased down upon the hindwing, and their oorreot 
directions somewhat altered), 

Plate xxx. 

Fig.C.—Jugum of Okaragia tsemia Soott, viewed from beneath; (x 8). 

Fig. 6.—-Frenulum and retinaculum of Cephm nodes Janu§ jmu* Miskin, 9, 
viewed from beneath; (x 5). 

Flg.7.—Frenulum and retinaculum of Hippotien mrafa Boisd., 9, viewed 
from beneath; (x 7), 

Fig.8.—Frenulum and rettnaoufnm of* Hippotion terqf* Boisd., 6 , viewed 
from beneath; (x6h " 

(Photomicrographs from ad4 specimens, not deeoaled. In FIg.7, the 
black bristles of the frenulum appear white, owing to the incidence of 
ettong artificial light directly upon them), 
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THE GEOLOOT AND PETROLOGY OF THE GREAT 
SERPENTINE BELT OF NEW SOUTH WALES. 

Past vii. Thi Geology or the Loombbrah frimmioT and a 
portion or the Goonoo Goonoo Estate. 

By W. N. Benson, B.A., D.So., F.G.S., Professor or Geology 
and Mineralogy in the University or Otago, N.Z., late 
Linnean Maclsay Fellow or the Society in Geology. 

With two Paueontological Appendices by F. Chapman, 
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Museum, Melbourne. 
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Introduction and. Acknowledgments. 

Id previous papers of this series, the writer has described and 
given geological maps of the District# of Nnndle and Tamworth 
(1,8,8, sod I). The former was the first studied, and broad sub¬ 
divisions only wore made in tbo stratigraphioal succession. In 
the letter, every son* of rock of any importance was mapped, in 
the endeavour to obtain as detailed a knowledge as possible of 
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the exact sequence of formations and tectonic structures devel¬ 
oped. The present communication serves a twofold purpose 
It completes the preliminary mapping of the serpentines of the 
main line of intrusions from Warialda to Hanging Rook, a dis¬ 
tance of over ISO miles; and secondly, it carries the detailed 
tracing of the horizons determined in the Tamworth District 
through into the Nundle District, permitting a more accurate 
correlation of the several formations in the two districts than 
was formerly possible, and thereby indicating that a much 
greater complexity exists in the Nundle region than was assumed. 

Several features of interest occur in this district, which are 
but barely represented beyond it. Firstly, there is the occur¬ 
rence of the Loomberah Limestone, which runs throughout the 
length of the district, and extends into the Nundle region. It 
is an horizon absolutely distinct from that of the Nemingha or 
Moore Creek Limestones, with a different lithology, and a different 
and interesting fauna characterised by the presence of numerous 
pentameroid shells, and a group of corals which do not occur in 
the limestones of the two other horizons. In this, and in the 
Nemingha limestones below are several species of Trypkuma, 
hitherto very rarely observed in the Devonian rocks of this 
State,* while, in the latter, is a very rare feature, namely, the 
occurrence of Foramintfvra in Devonian rocks. 

Apart from the faunal peculiarities of this region, the devel¬ 
opment of igneous rocks is of interest; there are here important 

* Other recorded ooourrenoes of Tryplama in Devonian reeks in New 
South Wale, are ss follows:— 

1. An undesoribed species found by Mr. Surveyor Campbell in the Parish 
of Ouerindi, a few mile* south-east of Manilla (Ann. Rep. Dept of Mines, 
1916, p.189). j\ 

& T. Utudalti var. Kalartformt, found hy Cullen and the wn% in 
Nemingha Pariah (This Series, Part v. 8u Bibliography). J 

8. An Indefinite species in the Crawney Limestone, oolleoted by Cullen 
(Mem. Gaol. Surv. N. 8. Walee, No. 18, p.101). 

The second of theee belongs to the horison of the Nemingha Limestone . 
The first and third are almost oertsinly on the Moon Creek limeetone 
horiaon. Bo that it has now been ascertained that JVgpfowna may .Mam¬ 
in ell three Middle Devonian Ooral-limeetones. 
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masses of kcrstophyre, which extend into the Nundle District, 
but are barely represented in the Tatnworth District. Several 
varieties of doleritee, not yet seen elsewhere in the Devonian 
rocks of New South Wales, appear in this area. Again, we 
have the most typical instance of highly altered pillow-lavas yet 
discovered in the Serpentine Belt. The serpentine, too, is by 
no means as continuous in this region as elsewhere, but is 
broken into small, isolated lentides, and the line of separation 
of the Eastern and Western series becomes obscure. Finally, 
we may note the occurrence of peculiar tectonic features in this 
region, developed to a greater degree than in adjacent areas. 

The writer is much indebted to Mr. Q. Me A. King, the 
General Manager of the Peel Diver Company, for permission to 
enter and study the geology of portion of the estate of that Com¬ 
pany, and to numerous farmers in the Parish of Loomberah for 
similar kindness. In particular, he is indebted to Mr. Ponto, 
of Pendens^ for kind hospitality, and to Mr. David Carter for 
help in securing the rich collection of fossils obtained from his 
property. This was supplemented by specimens from the collec¬ 
tion of Mr. S. Mr Tout, who was the first to bring the Loom¬ 
berah limestones under scientific notice. 

Mr. Ktberidge has very kindly examined the Tryplasmas re¬ 
corded herein, and Mr. F. Chapman, the Clnetetesand Foramin- 
ifera. To Mr. Dun, the writer is indebted, not only for the 
determination of all the other fossils, ei.d the valuable notes 
included in this paper, but also for his 'constant interest in the 
work, and helpful discussion of the stratigraphic problems that 
arose. To the ohemists of the Geological Survey are due the 
analyses of the limestones cited on pp.384 and 388, which were 
obtained from specimens collected by tbe writer. To all these 
gentlemen, hie beat thanks are due. Mr. Mingaye’s very com¬ 
plete rook-analyses, cited on p.368, add great value to tbe petro¬ 
logical studies. 

Pbevioos Litbratokc. 

The references to this region by previous writers have been 
very scanty.. It was visited by the Dev. W. B. Clarke in 1858, 
and the occurrence of Pk ilH pttttrma on Cope’s Creek was oh- 
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served (I). Professor De Koninck determined this as P. «*r- 
neuilii (•). The duties of Mr. F. Odernheimer, who made a private 
survey of the land belonging to the Feel River Land and Mineral 
Company, must have involved the investigation of this region, 
but no special attention is directed to it in his paper “ On the 
Geology of a part of the Peel River District in Australia," pub¬ 
lished in 1856(10). Stonier mentioned the occurrence of serpen¬ 
tine near Black Jack, 1892(11). The present writer described 
the southern portion of this district in 1911(1), and 1918(S) in 
his papers on the Nundle District, gave petrological details of 
the occurrence of keratopbyres on Silver Gully, and the pillow- 
lavas near the Peel River in 1915(5), and included the northern 
edge of the district in the area covered by his paper on the Tam- 
worth District, later in the same year(0). In this paper, the 
position of the Loomberah Limestone, as a definite horizon dis¬ 
tinct from the Nemingha and Moore Greek Limestones, was first 
remarked. 

Preliminary notes on the fossils collected from the limestones 
of this district by Mr. S. M. Tout and the writer were made by 
Mr. Dun(19); and a number of analyses of specimens of this 
limestone were given by the chemists of the Geological Survey 
(13). Dr. Jensen citeB the results of some investigations not yet 
published in detail, which were made by Mr. Guthrie, on the 
nature of the soils in the regions of the limestones in this 
district(ll). 

Beyond these, no references to the district in geological liter¬ 
ature are known to the writer. 

Physiography. 

The region lies for the most part west of the Peel River, 
stretches from the south of the Parishes of Nemingha and Tam- 
worth, and includes all the Pariah of Loomberah and a large 
region comprising the north-eastern oorner of the Peel River 
Oompany's estate. Its eastern margin is, in fact, marked by 
the deep meandering valley of the Peel River, ^n underflt stream 
with broad alluvial fiats between spurs, sometimes sharpened, 
but more generally blunted (qf, 15). To the east of this, the land 
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rises up into • peneplain-surface of about 3,500 feet in height, 
eut in hard rooks, chiefly siliceous phyllites, and very much die* 
seoted by deep valleys, some following the structure of the 
country, others oblique thereto. West of the river, the topo¬ 
graphy is more complex. The geological formations are arranged 
in parallel sones of resistant and less resistant reeks, so that 
there is a succession of ridges, the ridge of the Eastern series 
directly west of the Feel River, running north from Wallaby 
Mountain by Woolomin, composed chiefly of siliceous phyHites 
and jasper, the ridge of tuft associated with the Loomberah 
limestone, and the ridge of tuft and agglomerates which form 
the Pyramid Hill Range. To the south, a fourth ridge of con¬ 
glomerate intervenes between the last two. These ridges are 
separated by the open valleys of Sandy Creek and Reedy Creek 
respectively. To the south of these creeks, there is a aeries of 
more youthful streams, which cut athwart the grain of the country, 
and flow generally north easterly or east-north-easterly into the 
Peel River. Of these, Cope’s Creek is the most important. The 
lower portion of the creek is thus roughly parallel to the series 
of dip-faults (ms p.360) which cut through the country and may 
originally have been determined by one of these. Pipeclay 
Creek, Silver Gully, and Hyde’s Creek belong to the same trans¬ 
verse system of streams. The same holds even more clearly for 
the creek north and west of Wallaby Mountain. 

Gbhbkal Gxoloot. 

To understand the significance of the features observed in 
this district, those, to the south and north must be reviewed. 
Along a line of section drawn westwards from the serpentine 
near Bowling Alley Point, the following sequence was observed 
(*•* »)•— 

i. The Lower Banded Radidarian Olaystones. 

it The Lower Bowling Alley Toft and Breccias, in which 
there are numerous intrusions of dolerite and epilite. 

iii. The limestone. 

It; The Upper Banded Radidarian Claystone, interstretifled 
with a large amount of tuff and breccia, and abundant intrusions 
of spilite and ddsrite: 
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v. Upper Bowling Alley Tuffs and Breccias, with some cherts. 
With these are two lenses of limestone considerably west of the 
main zone. 

vi. Mudstones of the Nundle Series, gradually passing up from 
the cherts associated with the Upper Breccias and including a 
conglomeratic zone which forms Nundle Sugar Loaf, two miles 
west of the township. 

In putting forward this sequence, it was noted that there 
seemed a possibility of considerable repetition occurring within 
it. The distinction between the phyllites and jaspers east of 
the serpentine (the Eastern or Woolomin Series), and the rocks 
to the west of it, seemed very clear. 

In the Tamworth District, however, further facts were dis¬ 
covered. Parts of the Eastern Series were recognised as being 
merely infolded and highly crushed equivalents of western rocks, 
and the Western Series itself was subdivided as follows(O):— 

(а) The Lower Middle Devonian series of r&diolarian cherts 
and olaystones, with intercalated tuffs containing the Nemingha 
Limestone, which is often closely associated with a very ferru¬ 
ginous tuff or agglomerate. 

(б) The Igneous Zone, consisting chiefly of breccias, agglomer¬ 
ates, and tuffs with dolerites and spilites. 

(c) An Upper Middle Devonian Series of radiolarian cherts 
and claystones, containing, in its lower part, the Loomberah 
limestone, and, in its middle or upper part, the Moore Creek 
limestone. In the portion of this Upper Middle Devonian Series 
which lies above the Moore Creek limestone (as, the clay- 
abales of Tamworth Common), the oherty character of the sedi¬ 
ments is entirely lost. 

(cl) The Baldwin Agglomerates, which form the base of the 
Upper Devonian Series. 

(e) The Barrmba Mudstones, forming the Upper Devonian 
Series proper. These are often difficult, indeed impossible, to 
distinguish lithologically from the rocks of the upper portion of 
the Upper Middle Devonian. 

It was further shown that there are several repetitions of zones 
(a) and (0) in the region lying immediately west of the Serpen* 
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tine. When, however, we attempt to trace these subdivisions 
through the Loomberah District, and to apply them to the sue* 
cession in the Nundle District, we are met with difficulties, for 
the new factors entering into the geology of the Loomberah 
District add to the complexity of the problem. Firstly, there 
is a general absence of serpentine throughout the region, so that 
the boundary between the Eastern and Western Series is not% 
distinct and unmistakable line of fault separating altered and 
* unaltered rocks, but merely a zone of transition, crushing, and 
siliciflcation. Secondly, even where the Berpentine does occur, 
the rooks immediately west of it have, in many cases, as highly 
altered a character as those to the east. Thirdly, there is de¬ 
veloped a large amount of keratophyre, forming an intrusive 
mass or masses, one of which apparently is just below the horizon 
of the Nemingha limestones. The southern end of this zone of 
keratophyre lies in the Hyde's Creek complex, and a further 
occurrence of it extends from Silver Gully to Pipeclay Gully 
(6, pp. 133-137). The northern end of the zone is that complex 
near Macllveen’s homestead in the south-eastern portion of Tam- 
worth Distriot(6, p, 672). With this keratophyre is often asso¬ 
ciated a great amount of ferruginous and chalcedonic jasper 
derived from magmatio solutions. Finally, there U to be con¬ 
sidered the extremely disturbed and broken character of the 
faulting, breaking-up the stratigraphical succession, so that it is 
not possible to determine the extent of repetition of series that 
is present. 

To simplify the reading of the detailed discussion of the several 
formations, it may be well to state, at the outset, that the facts 
appear to justify the following conclusions concerning the strati¬ 
graphical relationships of the rocks in the Tam worth, Loomberah, 
and Nundle Districts. 

1. That the lower part of the Nundle Series does not corres¬ 
pond with the Barraba Series, but to the upper part of the 
Tamworth Series, namely, that lying between the Moore Greek • 
limestones and the Baldwin Agglomerates. 

2^ That the ridge of conglomerate forming bundle Sug&rioaf 
westlvof that township, corresponds to the conglomerate which 
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runs along the eastern foot of the Pyramid Hill Range (the 
Scrub Mountain conglomerate). This may l»e approximately 
coeval with the Baldwin Agglomerates. 

3. The mudstone west of these may be correlated with the 
Goonoo Goonoo or Barraba mudstones. 

4. That the great masses of agglomerate and tuff, being derived 
from eruption at various centres, do not form continuous horizons 
except in rare cases, and great care must be used in stratigraphi- 
cal correlation based on the lithological features of pyroolastic 
rocks. Hence arises the difficulty of determining the exact 
horizon to which must be referred the Pyramid Hill group of 
tuffs, etc., or of recognising definitely the horizon of the Baldwin 
Agglomerates. 

5. The Moore Creek Limestone is not represented in the 
Nundle District, but its appropriate horizon is probably not far 
from the township of Nuudle itself. 

6. The Loomberah Limestone is represented by the two western 
lenses of limestone near the head of Silver Gully, to which special 
attention was called during the first survey of the Handle 
District (8, p.574). 

7* The main line of limestone which passed through to Bowling 
Alley Point and continues to Hanging Bock, belongs to the 
Nemingba or Lower Middle Devonian Limestone. 

8. That the pyroclastic rocks which lie directly abote tbe 
spilites and dolerite of the Upper Bowling Alley Glaystones 
represent the “Igneous Zone” of the Tamworth District. 

9. The Lower Bowling Alley Tuff'Breocias, Dolerites etc., are 
a repetition of the same “Igneous Zone” and its associated 
intrusive rooks. 

10. Much of the Middle Dovonian (Tamworth) Series may be 
recognised in an altered state in tbe regions east of the serpentine 
in all three districts. 

The Jtasfem Series . 

In the Loomberah District, we will describe with the Eastern 
Series, not only all those rooks lying east of a line joining all tbe 
outcrops of serpentine, but the lithologically identical masses 
which lie to the west of that line, the rooks of, die Transitional 
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Zone (a name indicating a local feature only), distinguished by 
their greater alteration, fracturing, and silicification, from the 
normal breccias, tuffs, and cherts of the rest of the Tamworth 
Series. The actual western margin of the Eastern Series is thus 
difficult to define, and that laid down on the map (Plate zxzii.) 
is not a sharply marked feature. There is clear evidence that 
very much of this Series consists of merely highly altered forms 
of similar types of rock such as occur in the Tamworth Series; 
while there are few rocks, if any, so utterly distinct as to demand 
their inclusion in a definitely older, possibly Lower Devonian 
formation, (the suggested Woolomin Series, a term j we have now 
abandoned). * 

Most notable are the masses of tuff and breccia, which occur 
in the hills east of the Peel River, between Nemingha Creek and 
Dungowap, continuing those already noted in the north-eastern 
portion of Nemingha Parish(6, p.547). These cross the Peel 
River in the neighbourhood of Dungowan, and strike through 
the hills west of the'river till they come to the Wallaby Mount¬ 
ain and Cope’s Creek. Some of these are very similar indeed 
to the normal tuff-breccias of Middle Devonian age, while others, 
notably a great mass of almost schistose, highly crushed rock 
running across the western end of Wallaby Mountain, consist 
of a coarse tuff with abundant inclusions of limestone drawn 
out into long lentioles. This may represent the Nemingha 
limestone, but there are also instances where such a tuff is asso¬ 
ciated with the Loomberah limestone. Some of the masses of 
tuff are very silicified, and one instance of jasperised, ferruginous 
agglomerate appears as if it might be the equivalent of the red 
tuff of Bast Gap Hill, described in Part v. (pp.664-8). This is 
to be found on the hills east of the Dungowan Hotel, associated 
with a little vesicular keratopbyre. 

Again, in Portions 52 and 146 in the south-eastern angle of 
the Parish of Nemingha, three hundred yards east of the serpen¬ 
tine, is a large belt of agglomerate, together with porpbyritie or 
granular apilite, inclosing a lenticular mass of limestone a 
hundred yards long and twenty yards wide, with somewhat the 
reddish crystalline character of &e Nemingha marbles, associated 
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with ferruginous tuft with limMtooe-tngiMnii inch m have 
been already mentioned. Traces of a Stromatoporoid, of Favo- 
sites multitabulata, Heliolitet, and a large cyathophylloid coral 
were observed. These are insufficient to determine whether the 
limestone belongs to the Nemingha or Loomberah horizon. It 
runs due north, and is out off to the south by a marked cross* 
fault, which also truncates the adjacent serpentine. £».{ieetone 
again appears on the ridge in Portion 52, Loomberabi associated 
with chert and spilite, all in a very shattered condition. This 
lies in the transitional region between the Serpentine Line and 
the Tamworth Series, but probably represents an altered form 
of tbe Nemingha Zone. 

The great masses of jaspers, which are suoh a marked feature 
of the Eastern Series in the Nundle District* are especially well 
developed in the Wallaby Mountain, west of Woolomin, where 
a strong band strikes across the mountain, forming the long 
ridge which deflects the outlet of Cope's Creek, rising into the 
high elifib that form the eastern side of the mountain, and dying 
out in the valley to the north. Other jasper-belts occur east of 
this, nearer to Woolomin, and further long bands traverse tbe 
Parish of Woolomin, and others occur east of Dungowan, though 
the last are not so extensive as elsewhere. They result from 
intense silieification along zones of shattering, and are not 
primary deposits. 

The igneous rocks, other than tuffi namely the dolerites, 
spilites, and keratophyres, occurring east of the serpentine, and 
especially in the transitional zone west of the serpentine, are dis¬ 
cussed below (p.342). 

The Tamworth Seriet, 

The region occupied by rooks of this division forms the greater 
portion of the area considered, and, throughout this area, the 
dips are nearly vertical or inclined to the W.S.W. at angles of 
about 60*-70*, with only here and there a narrow band dipping 
in the opposite direction. The total width of this region is 
over four miles, so that, were no repetition of strata present, a 
thickness of nearly 20,000 feet must occur, which is several times 
greater than was shown to be probable in the Tamworth Die- 
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trict We must conclude, therefore, that considerable repetition 
by strike-faulting is present, though admitting that the sequenoe 
from east to west is, in the main, an ascending one in the time¬ 
scale. 

We shall now endeavour to trace through from the Tamworth 
to ti.e Nundle District, several horizons already recognised in 
the such^BBion of Middle Devonian strata. 

The Nemingha Limestone ,—The main limestone ef the Looni- 
berah District is clearly a continuation of the mass of limestone 
which runs through Beedle’s Freehold and the Gap at Nemingha 
(6, pp.587-9), and then commences by the eastern corner of 
Portion 60,* Parish of Loomberah, appearing from beneath the 
river-alluvium, and running thence to the south-east through 
Portions 59, 58, and 57. It is a brecciated pink limestone asso¬ 
ciated, in Portion 59, with a small amount of very ferruginous, 
more or less brecciated keratophyre or porphyritic andesite, lying 
on the eastern side of the limestone; and, to the west, is an intru¬ 
sion of porphyritic dolerite with phenocrysts of labradorite. The 
outcropping maBB of limestone is 77 yards wide, but it is impos¬ 
sible to determine the thickness of the limestone owing to the 
absence of any evidence of the angle of dip, though adjacent 
rocks dip at high angles. It is broken by cross-faults, throwing 
it for short distances. In Portion 58 (Mr. David Carter's pro¬ 
perty), the limestone has been duplicated by a fault or faults, 
and a short band of tbe same horizon occurs four hundred yards 
north-east of the main zone. The eastern mass is the more 
olearly exposed, and covers an area four hundred yards long by 
sixty yards in width. Both bands of limestone have a western 
wall of keratophyre-breccias, ferruginous rocks apparently greatly 
altered by percolating solutions (the Nemingha Bed Breccia). 
Both masses of limestone, for the most part, lie in ploughed 
land, and, in the boulders of limestone brought to the surface, a 
large series of fossils was obtained, which confirm the correla¬ 
tion of this limestone with the Nemingha horizon. These were 

, . .. . ■ ■ ■■ -— — ii 

• Unto* otherwise stated, all rdfe renoes to Portion-number* in the 
sequel refer to Portions of the Pariah of Loomberah,, 
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determined by Mr. W, S. Dun, Mr. Etheridge, and Mr. F. 
Chapman. The following forms were recognised:— 

Protozoa. 

Foraminifera— 

Psammoephmra nemingheneis, sp.nov., Chapman. 
Valvulina plicata Brady. 

7. bulloides Brady. 

7. oblonga % sp.nov,, Chapman. 

Pulvinulina bensoni y sp.nov., Chapman. 

Iladiolaria— 

An indeterminate species. 

COCLKNTKRATA. 

Zaphrentis sp. 

Tryplama congregationis Eth.il]. 

T* lonadalei Eth.fll. 

T. 'I'enniformie Eth.fll. 

A cystiphylloid coral. 

Syringopoiaporteri Eth.fll. 

S. auloporoicU$ Eth.fll. 

FavoeiU* gothlandica Lamarck. 

F. multitabulata Eth.fll. 

F* piUmani Eth.fll. 

F. crummeri Eth.fll, 

Alveolites sp. 

Heliolitee poroea Ooldf. 

H . interetineta Linn. 

An indeterminate Stromatoporoid. 

Eohinodbrmata. 

Numerous Orinoid ossicles. 

Braghiopoda. 

Atrypa sp. 

Zygoepira sp, 

Oonoerning the Tryplama lonedaUi , Mr. Dun remarks that 
it is apparently a solitary form of the T. lonedalei-type, but the 
tab'll* are more irregularly and widely spaced than in the 
normal form* The wall is thiok, and then* are short, septal 
spines. The diaweter of the coraUite ia ft mm* 
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Several interesting features are seen in this Table. The two 
.species of Syringopora named have, so far, been collected only from 
the Moore Creek limestone, to which also F. enmmeri has hereto¬ 
fore been confined The recognition of three definite species of 
Tryplatma is an advance on the single form recorded previously 
from this horizon(6, p.652); while the occurrence of Foraminifera 
is a very welcome feature, since, apart from forms occurring in 
the Devonian limestones of Germany and South Devonshire, no 
other occurrences of Devonian Foraminifera are known. They 
were found in BBmall mass of oolitic limestone about four inches 
in diameter. The granules, according to Mr. Chapman, form a 
little more than half the bulk of the rock; “they vary in diameter 
from 0*46 to 0*7 mm., and only a small proportion are due 
entirely to oolitic accretion, whether originally of algal origin or 
not it is impossible to say, on account of their present mineral¬ 
ised condition. The nucleus of the oolitic grain, in more than 
one case, was seen to consist of an ossicle of a crinoid. There 
is a fair amount of iron-staining in the rock-structure which 
seems to be entirely secondary, as the stain is developed more 
strongly along incipient fracture-lines than in the grains them¬ 
selves.” (See Appendix i.). The ferruginous matter has doubt¬ 
less been introduced from the associated NeminghaBed Breccias. 

The analysis of the limestones from this outcrop arie given 
below (p.334). 

Nearly a mile south of the occurrence in Portion 68, the lime¬ 
stone appears again, associated with red, ferruginous keratopbyre- 
breccia crossing the western end of Portion 65; this outcrop is 
nearly half a mile in length. 

The next outcrop is considerably to the east as well as south 
of the above, and is probably separated from it by considerable 
dip-fault, though the intervening alluvium and ploughed land 
hide the details of the outcrops. This mass is quite small, 
occurring near the corner bf Portions 63 and 62. 

The limestone on Portion 85 has been moved still further to 
the east, and is separated from the last-mentioned occurrence by 
a large intrusion of dolerite. A small fault traverses this mass, 
cutting it into two portions, one nearly 300 yards long and 60 
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wide, the other 300 yard* long and 40 yards wide. The ohemioal 
composition of a specimen of this mass is given below (No. 1787). 

A small mass of limestone next appears a mile to the south, 
being found in a well sunk by the creek in Portion 32. 

No more limestone appears for over a mile, until, in the 
southern part of Portion 31, a great band of red breccia is asso¬ 
ciated with a small amount of limestone on its eastern side. 
The red band broadens as it continues southwards into the Peel 
River Company’s Estate, and the limestone now appears to the 
west, as well as to the east, of the ‘Red Breccia, which is here 
more than a quarter of a mile wide. An important mass of 
limestone lies on the western side of Sandy Creek, half a mile 
south of the boundary of Loomberah Parish. It consists of 
three portions, largely of red encrinital limestone. The aggre¬ 
gate length of the outcrop is 600 yards, and the width 80 yards. 
The dip is apparently W.40*S. at 50*. The upper portion is 
rather ferruginous; the lower, grey portion is either massive or 
breociated. (See analyses 1785, 1786, irrfra). 

At the foot of Black Jaok, the limestone and tuff is suddenly 
cut off by a fault, which throws it half a mile to the east. On 
the south side of the fault, the two masses of limestone, separated 
by the breccia, are half a mile apart, but very soon they are 
brought together again by a second great fault, and they continue 
over the shoulder of Black Jaok, making bold outcrops (analysis 
1788), and pass thenoe down into Cope’s Creek. The limestone 
appears on the other side of the valley, and continues to Pipe¬ 
clay Creek. * This is the portion of the zone which was described 
when considering the Geology of the Nundle District(S f p.574). 
In Cope’s Creek, the limestone occurs in rather irregularly placed 
masses in the red breccia, and one large lentiolc has been torn 
off and enveloped in keratophyre* It is possible that Clarke’s 
specimen of PhUUpeaetnm t mmiuilii was obtained here. 

T%$egbout its length, this limestone keeps the characters 
whieh mark the Nemingba limestone. It is usually thoroughly 
osyetid^^|jio much so that, except for the foesiliferoua masses 
on property and south of,Cope's Creek, no recog¬ 

nisable rajjlhave been obtained. TbS rock is generally white, 
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pink, reddish or mottled; less commonly, it is grey. It is often 
highly brecciated, and in particular in Oope’s Creek, the rook is 
clearly made up of fragments of corals and of crinoids. The 
colouration of the rock appears due to the introduction of ferru¬ 
ginous solutions. The composition of the Btone is shown in the 
following Table; the analyses are due to the chemists of the 
Geological Survey (13). 



1781 

1782 

1783 

1783 

1786 

1787 

1788 

CaCO, . . 

97*46 

98*21 

97*68 

94*03 

97*54 

97*55 

08*21 

MgCO. . 

0-7 

0*69 

0*64 

0‘90 

0*71 

0'7# 

0*30 

MnCO a . 

0*04 

0*06 

0*04 

0*08 

0*03 

OtH 

0-04 

Fe«O a , A1 ,O b ... 

0*32 

0-24 

0*18 

0*95 

0*17 

0-28 

0*24 

Uangue . 

1*36 

i 

0'08 

1*42 

4*02 

1*32 

1-48 

1*24 


100*09 

100*18 

iftf Vw 

99*98 

99*99 

100*14 

100*23 


1781'2—Red Marble, Portion 38, Loomberah. 
1783—Pink Marble, Portion 38, Loomberah. 


1783—Pink Marble, 1) miles N.N.W. of Blook Jack Mountain. 

1786— Red Marble, 1} miles N.N.W. of Black Jack Mountain. 

1787— Pink Marble, Portion 33, Loomberah. 

1788— Pink Marble, east side of Black Jack Mountain. 

Concerning the depth of origin of this limestone, we have to 
note the absence of evidence of littoral conditions though the 
limestone is often brecciated. Hadiol&rian chert is directly 
associated with it. Mr. Chapman^ remarks on this point may 
be noted. (See Appendix i.). 

The Loomberah Limestone . 

A second definite cone is that of the Loomberah Limestone. 
Just beyond the north-western corner of the Parish of Loom¬ 
berah, namely, in Portion 10, Parish of Oalala, it a belt of lime¬ 
stone about a hundred yards long and ten to twelve feet thick, 
containing Heliolitos, Tryplama, and crinoids. It dips W.6*S, 
at 70*. To the east of it are several bands of tuff and a sill of 
dolerite, the whole lying within .normal radiolariaa cfaerty clay- 
stones. Followed to the southeast, the limcstone eeases, and 
the tuff-breccia becomes rich in fragments of lifose$ot»» It is 
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displaced by several cross-faults. In Mr. Oerter’s property 
(Portion 58), the limestone comes in again, forming a very im¬ 
portant band. Tide is about a quarter of a mile in length and 
150 feet thick. Its western end is very highly crystalline, so 
much so that the rock has passed into a white marble, but, 
towards the east, it is less crystalline, and consists of an extra¬ 
ordinary assemblage of broken fossils. Fragments of large 
pentameroid shells are the predominant feature, but intermingled 
with them are abundant masses of Slrcmatnporoidt, of fragments 
of coral, and even angular or rounded pebbles of chert, the whole 
giving very clear indication of rather turbulent conditions of 
formation, as if they were reef-breccias (ms Plate xxxir., fig.l). 
In spite of this, there is no indication of an unconformity, the 
radiolarian cherts which lie immediately above the limestone 
dipping W.26*B. at 70*, those immediately below W.26*8. at 
65*, whieb, considering the variability of the dip, may be taken 
as proof of conformity. Possibly the shallow-water limestone 
indicates the occurrence of a regression of the sea. In cases 
such as this there is no reason to expect a mass of coarsely 
olastic sediment at the base of the overlying transgressive sedi¬ 
ment (»««16, p.458). 

The second characteristic of this limestone is its remarkable 
fauna, which is quite unlike that of any liorison yet discovered 
in the Devonian rocks of New South Wales. The following list 
indicates the forms recognised by Messrs. Chapman, Dun, and 
Etheridge Of particular interest is the presence of TrypUuma, 
as determined by Mr. Etheridge, and ChattHt, described by Mr. 
Chapman,* 

Zaphnntit, sp.ind. 

Zapkr*HtiM$) sp. (8p. et snbgen. nov.f). 
fryjdtuma sp. Intermediate between T. dtlicattUa Eth.fll., 
and T. vertntfbrmu Eth.fll. , 

CyathejAyllum sp. 

* Ip a private oommunkatioo, Mr. Chapman isjrs— “ It Is interesting 
-to not* poor opinion of the hydrogrsphta nrmrifUon* at Loomberah. 

to ay kind, played Urn earns part, in the soastal reef* of the 
Ftimaqlo, «a Hdtopor* doe* at the present day.” 



336 GltKAT 8BHPENTINK BKLT OP NKW BOOTH WALKS, vil., 

Diphyphyllum robmtum Eth.fil. 

Z). porteri Eth.fil. 

Form allied to Omphyma. 

Spongophyllum ) sp.nov., Dun. 

Phillipsastraa grandis } sp.nov., Dun. 

Favorites gothhmdxca Lamarck. 

F. gothlandica with multi tabu late habit. 

F> multitabutata Eth.fil. (rare). 

Favorites t sp,nov.(?), a form with very irregular habit. 

Famsites, sp.nov., a dendroid form distinct from those in 
other Devonian horizons in this area. 

Litophyllum konxneki Eth.fil. 

Dania sp. 

Ch(rtetes stelliformis , sp.nov., Chapman. 

Heliolites porosa Ooldf. 

Plaamopora sp. 

Stromatoporella loombermsis , sp.nov., Dun 

S. bemoni , sp.nov., Dun. 

Actinostroma australe , sp.nov., Dun. 

A TreptostomatouB firyozoan. 

Pentamerns (Conchidivm) cf. knxyhtii. 

PentameruH cf. sieberi. 

Strophomena cf. ruyata. 

A try pa sp. 

Murchisonia sp. 

The band of tuff or breccia, directly below this limestone, may 
be traced south almost continuously to Cope's Creek, displaced 
here and there by cross-faults. There is frequently a consider* 
able amount of limestone fragments in this tuff-breccia, but only 
occasionally are there any large masses of limestone, such as 
those in Portions 23 and 38 (the latter of which contains small 
forms of Favorites multitabulata . The limestone also occurs in 
Portion 32, and in several localities west of Black Jack. One 
of these masses has a maximum width of sixty feet, dipping 
nearly vertically, and contains pentameroid shells. Gyatho* 
phyttum, Heliolites, a Stromatoporoid, globular masses of Favorites 
gothlandica and Tryplasma(l) which characterise the horizon, 
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and, in addition, there was a section exposed of a form very 
similar to Cyttiphyllum vericulomm which unfortunately could 
not be removed for more careful examination. 

South of this, where the limestone is split into two hands by 
a zone of tuff, the feature noted in Portion 58, namely, the 
abundance of fragments and pebbles of chert in the limestone, is 
again present. Tt must also he mentioned that, throughout the 
length of the zone of the Loomherah limestone, the chert over- 
lying it contains numerous small intrusions of tuff. 

The tuff associated with tho limestone may be traced down 
into the valley of Cope’s ('reek, and beyond it to the south. 
Here, probably, was obtained the specimen of Philliptattraia 
vei'ntuilii recognised by Do Koninck. The small patch of lime¬ 
stone occurring on the top of the hill, a mile and a half W.S.W. 
of the Permo-Carboniferous sandstone at Reichel’s homestead, 
near Bowling Alley Point, probably belongs to this series. It 
has been already pointed out that it does not lie on the same 
horizon as the Nemingha limestone. A lenticular mass of lime¬ 
stone occurs near Cann’s Plains Creek, still further to the south, 
and probably belongs to tho same horizon (3, p.674). Thus we 
can trace the foomberah horizon intermittently from the north¬ 
west of the Parish of Loomberab, to within two miles of Bowling 
Alley Point, and have thus obtained a second definite horizon 
linking the geology of the Tam worth District to that of Mundle. 

But there is still another mass of limestone that may possibly 
belong to tho same horizon, though so altered by recrystallisa¬ 
tion in the region adjacent to the serpentine, that no traces of 
fossils have been found in it. This is tho lenticular mass of 
white marble in the south-eastern corner of the Parish of 
Nemingba, Portion 121, mentioned previously {tee 0, p.660). It 
is about four hundred yards long and sixty yards in width as a 
maximum measurement, the main visible portion being only two 
hundred by twenty yards in length and breadth. 
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The oheinical composition of the Loomberah limestone is seen 
from the analyses below, which were made l>y the chemists of 
the Geological Survey(13). 



1395 

1220 

1784 

CftCO, . 

98*85 

94*91 

93*43 

MgOO. . 

0*42 

0H3 

127 

MnCO#. 

0*04 


Oil 

Fe.j()« t-AIyOft 

0*22 

0*80 

0H0 

< vantfue 

0*64 

3*33 

2*43 


10017 j 

100*09 

99*8(1 


1305—LiniCHtoiiQ, Portion 121, Nemingba (horizon nut mtain). 
1220—Limestone, Portion 58, Loomberah. 

1784—Li mow tone, Portion 23, Loomberah. 


Scrub Mountain Conglomerate. 

For about a mile west of the zone of the Loomberah limestone, 
the sediments are a succession of cherts, radiolarian cl ay 8 tones 
and tuff, the latter sometimes broadening out into coarse agglo¬ 
merates, as in the case of the agglomerate to the west of the 
upper portion of Cope's Creek. *In Reedy Creek, however, the 
rocks lose their cherty nature to a great extent, becoming mud¬ 
stones almost indistinguishable from those of the Barratm Series. 

There is one very marked horizon in this portion of the section, 
a zone of conglomerate which may lie termed the Scrub Mountain 
Conglomerate. It commences in Portion 17 aud continues to 
the south-east. It is made up of usually rounded or sub-angular 
pebbles chiefly of a richly felspathic keratopbyre, a strongly 
trachytic type of which was found to contain phenocrysts of 
felspar with abundant minute crystals of augite in the base(1474); 
there is also some beautiful granophyre(1477, 1479), and, most 
interesting of all, an angular fragment of radiolarjan chert. 
ThiB last is not like the usual cherts of the Tamworth Series, 
being free from any sign of banding, but small amounts of a 
rather similar rock do occur here and there in the Eastern Series. 

All these lie in a tuflaceous matrix. This has not yet been 
studied microscopically, but from* a macroscopic examination 




fcY W. N. BtiNSOH. 


339 


there did not appear to be the same close relationship between 
the tuffaceous matrix and the inclusions (the former derived by 
the attrition of the latter) that was so marked a feature of 
Macllveen’s complex, or in the Baldwin Agglomerates (see 8, 
pp.573, 678). This, however, requires thorough investigation. 
Should the matrix really prove to be clastic, not merely pyro¬ 
clastic, the occurrence in it of the radiolarian chert and the 
keratophyres, etc., might indicate another regression of the sea 
at this point, and the exposure and erosion of Lower or Middle 
Devonian rocks some distance east(l) of this region. The pos¬ 
sible significance of this is considered later (pp.341, 355). 

The zone is very continuous. It forms the long ridge in 
Portions 17 and 18, and, southwards from thence, it makes up 
the little hills which sharply mark the ends of the ridges that 
separate the western tributaries of Reedy Creek. About four 
milos south of the boundary of the Parish of Loomberah, it rises 
as a long spur into Scrub Mountain, and south-east of here it 
forms Rodney Mountain, beyond the limits of the map here¬ 
with, and further to the south-east it rises into Nundle Sugar- 
loaf, and crosses the Peel River to form the western end of the 
Yellow Rock Hill south of that township. The last three occur¬ 
rences of the conglomerate have been already noted ^3, p.681). 
Thus the Conglomerate affords another horizon which can be 
traced through from the Ijoomberah Parish into the region 
mapped in the Nundle District. Small fragments of the con¬ 
glomerate occur hero and there adjacent to Reedy Creek; they 
are perhaps due to repetition by sc/mppen-faulting. Round 
Mountain, which tises front beside the Main North Road on the 
northern edge of the Goonoo Goonoo Estate, ten miles due south 
of Tavnworth, is apparently composed of this conglomerate. 

The Pyramid HM Tvff, 

West of the Scrub Mountain Conglomerate and stratigraphi- 
cally above it, the mudstones are interstratified with numerous 
bands of tuffs of moderate grain-size, and these, being resistant 
to erosion, form the long ridge which runs south-eastwards from 
Pyramid Hill. This structure of the range is that of a faulted 
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syncline. To the west of it there extends the broad, low, undu¬ 
lating region composed chiefly of mudstones, extending to the 
foothills of the ridges of Carboniferous rock that pass through 
the Ourrabubula district. These are the mudstones of the 
Burindi Series (on the extreme west), and the Barraba Series 
which forms the greater portion of the Tamworth and Goonoo 
Goonoo Plains. To the south east, the tuff of the Pyramid Hill 
Range apparently extends into the hills west of Nundle. 

The Stmtiyraphical Position qf the Nundle Mudstones 

The difficult question to be decided is the stratigraphical posi¬ 
tion that must be assigned to the Pyramid Hill tuff. The syn¬ 
clinal structure of the range, the lithological character of the 
component rocks and the consequent topographic features, recall 
the tuffs which form the hills west of the Tamworth Common. 
These tuffs, etc., have been correlated with those occurring south 
of the river in Portion 27, Calais(0, p 580), and lie near, but not 
on, the same line of strike as the Pyramid Hill tuff The beds 
which occur between the tuff of Portion 27, Cal ala, and the 
nearest Loomberah limestone, are quite similar to those between 
the Loomberah limestone and the Pyramid Hill lulls, save for 
the absence of the Scrub Mountain conglomerate. The first 
impulse, therefore, would lead one to correlate the Pyramid Hill 
tuff with the tuffs in the Tamworth Common, and, therefore, 
with the Baldwin Agglomerated p.579). Such a correlation 
would place all the mudstones of the Reedy Creek Valley, 
together with the Nundle conglomerate, into the upper portion 
of the Tamworth (Middle Devonian) Series, and would further 
demand that none of the region mapped in the Nundle district 
should belong to the barraba Series, to which the western group 
of mudstones (the Nundle Series) had previously been referred. 

But the'study of the tuffs and breccias within the Devonian 
Series shows that thefy do not always form on a single horixon, 
but (what might have been anticipated) they formed at different 
times, spreading out on either side of their centres of eruption, 
and, therefore, lie ,at varying horizons. Apparently there were 
epochs when eruption was more continuous and widespread than 
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at other times, giving more or less definite igneous zones, but 
stratigraphical correlation on the petrological features of pyro¬ 
clastic rocks alone is exceedingly unsafe. It is quite possible 
that the Pyramid Hill tuff belongs to a period of eruption rather 
more recent than that of the Baldwin Agglomerates, and that 
the true horizon of the base of the Barraba Series lies at some 
indefinite horizon between the Loomberah limestones and the 
Pyramid Hill tuff. As the outbreak of the huge eruptions, 
which formed the Baldwin Agglomerate of the Manilla-Bingera 
region, might reasonably be expected to have beeu associated 
with some crust-movement in adjacent districts, we may put 
forward the suggestion that the Scrub Mountain conglomerate 
(the lithology of which seems to point to the occurrence of some 
crust-movement) might be considered contemporaneous with the 
Baldwin Agglomerates. This hypothesis has the merit of in¬ 
volving a less ladical change than the former one in the con¬ 
ception of the range of characters of the Upper Middle Devonian 
rockB, and is, therefore, adopted in the map. But it cannot be 
considered as more than tentative, lacking as yet confirmatory 
evidence. On this hypothesis, the portions of the Nundie Series 
lying south-west of bundle Sugarloaf and Yellow Bock Hill (8, 
Plate xxii.) belong to the Barraba Series 

The Devonian Igneous Hocks. 

Igneous Rocks in the Eastern Series .—The igneous rocks in 
the Eastern Series must be first briefly discussed, before passing 
ou to the more important rocks west of the serpentine. They 
consist, for the most part, of bands of more or let* schistose 
breccias and agglomerates, which are fairly abundant, and are 
particularly well seen in a zone which runs nearly due north 
from the western end of Portion 42, l*oomberah, to the eastern 
end of Portion 46; while less noteworthy masses occur, east of 
the Peel River, in the Parishes of Gill and Nemingha. Massive 
igneous rocks have a more restricted occurrence. Hpilites are 
found a mile north of Dungowau Hotel in Portion 52, Gill. 
Vesicular keratophyre occurs near by in Portion 51, and in For- 
tion 43 of the Parish of Loomberah is a very small lentiole of a 
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qu&rtzose dolerite* with zoned andesi»e*felspai\ Larger bands 
of fine-grained dolerite and spilite cross the valley north of 
Wallaby Mountain and the hills to the east. 

ly neons Rocks in the Transition a/ Zone —More complex than 
these are the features of a series of igneous rocks which lie aloug 
the zone of passage between the Eastern Series, the zone else¬ 
where represented by the Serpentine Line. The most northerly 
of these masses are the group of dolerites and spilites by the 
Loom be rah Bridge in Portion 66, which occupy the greater part 
of the small spur east of Sandy Creek. A very good exposure 
of the spilite is seen in the roadcubting on the east of the hill, 
in which typical pillow-structure is exposed (see Plate xxxiii.). 
The pillows are about two feet in diameter, and have generally 
a number of vesicles, often filled with cal cite, arranged in con¬ 
centric vows within the pillow. The rock itself is greatly altered, 
as described below (p.365). For this reason, the pillow-lavas 
are more like the pillow-lavas seen by the writer in Cornwall! 
than any others in the Great Serpentine Belt ( 6 , p.131), The 
dolerite which occurs on the west side of the spur is also greatly 
altered. The original ophitic structure has been preserved in 
spite of the uiineralogical changes. Magnetite is the only 
original mineral; the augite has become platey chlorite, and the 
felspar has been changed either to a mass of calcite with a small 
amount of albite; or to much-strained quartz or chalcedony with 
chlorite, spherulitic if in large patches, and sometimes associated 
with a little carbonate. The dolerite itself is sometimes slightly 
vesicular. These sills of spilite and dolerite are separated by 
banded jasperised cherts or highly siliceous cherts which dip 
W.4*N. at 60* on the east side of the lull, but dip E. at €0* on 
the west side of the hill. 

Southwards of these, in the eastern end of Portions 55 and 
54, and again on the boundary of 53 and 52, are further intru¬ 
sive masses. Spilite occurs on either side of the hill of chert 
and jasper in Portion 54, but further to the east keratophyres 
are found. 

* Bee footnote to p.364 
t For description of these lavas, see (17). 
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Small intrusions of rather vesicular spilite occur at the soutlv 
western corner of Portion 48, but the next important mass of 
spilitic rock is the complex series of intrusions which runs 
through the western ends of Portions 39, 38, and 62, and Are 
associated with serpentine in a complex fashion. The spilite 
occurs in a series of overlapping lenticles, decreasing in size 
from north to south; the rock is vesicular, full of secondary 
chert, in most irregular strings and veinlets ($/! 5, p, 1*27). These 
lenticles are separated from one another by narrow zones of more 
or less sslicified, crushed chert, into which the serpentine has 
been injected. In one instance, on the northern end of the 
complex, the serpentine appears to be injected into the spilite 
(though the abundance of drifted blocks makes the observation 
uncertain), while at the southern end a small patch of vesicular 
keratopliyre, 10 yards long and ft yards wide, lias apparently 
been caught up and inrluded in the ultrabasic rock. The whole 
structure seems to have resulted from the shattering of a masN 
of spilite and keratophyre, by a series of oblique faults, into 
which the chcrty crush-breccias were dragged and the ultrabnsic 
rock injected. 

South of these are the long, undisturbed, lenticular intrusions 
of dense spilite on the western slopes of Wallaby Mountain, and 
crossing the creek at its base These are quite typical of the 
noil'vesicular spilites in the Eastern Series. 

The keratophyres of the Transitional Zone are first seen in the 
eastern end of Portious 53 and 54, and occur again on the 
boundary of Portions ft3 and 52. (A small mass of Ncmingha 
limestone lies just west of this last). In the first of these, they 
are vesicular with amvgdules filled with quartz, chalcedony, 
chlorite, and calcite. They become abundant, however, in the 
Water-Reserve between Portions 51 and 52, are vesicular with 
abundant quartz in the amygdules, and microscopic examination 
shows the abundance of quartz in the groundmass. To the 
south, the mass of keratophyre broadens out into the largest 
area of igneous rock within the limits of the map. Though only 
about two hundred yards wide at the northern end of Portion 
35 y it becomes half a mile in width to the south, and continues 
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thus through Portions 36 and 37, at the southern end of which 
it is cut off by a fault, which throws it eight hundred yards to 
the east. Thence it continues for a mile further, exhibiting 
some very interesting features described below (p.345). This 
belt of keratophyre forms the western margin of the Transitional 
Zone; except where jasperised, the rocks to the west of it ol>- 
viously belong to the Tam worth Series. In Portion 52, a small 
amount of such jasperised rock occurs, the relations of which 
have been obscured through the ploughing of the land. Mora 
distinct is the small mass of jasper in Portion 35, in contact 
with a keratophyre rather rich in magnetite 

The maiu mass of the keratophyre is a rock of fine to medium 
grain-size, consisting chiefly of albite, a few phenocrysts lying in 
a trachytic or spongy base, dotted with finely crystalline mag¬ 
netite. A little quartz is present in the base together with some 
chlorite. Occasionally, the rock is quite coarsely crystalline, 
and contains a little augite, approaching the character of alhitic 
quartz-doleri to (1414). 

Along the eastern margin of this intrusion in Portion 36, the 
rock is distinctly brecci&ted, this facies passing imperceptibly 
iuto the massive rock. In microscopic examination, it has the 
character of a flow-breccia, and sometimes appears to have been 
originally more or l*ss glassy. Fragments of albite occur with 
very irregular outline and often slight strain-structure, also 
irregular fragments of quartz and small grains of uralitised 
augite, lying in a cryptocrystalline base (1411). In some speci¬ 
mens, the matrix is the predominant portion; in others, the 
larger fragments of crystals, evidently derived from a shattered 
dolerite and quartz-keratophyre, form the dominant feature of 
the rock. With such large fragments of single crystals may be 
associated chips broken from a minutely trachytic keratophyre 
(1406), sueh as are so. abundant in the keratophyre-breccias of 
Pipeclay Creek (ft, pp.151-156). 

In places, the keratophyre becomes enriched in magnetite, and 
a dark magnetite-keratophyre occurs by the jasper in Portion 
35, as noted above, and in the south of Portion 37. The best 
examples of magnetite-keratophyre t however, are to be found in 
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a small complex, half a mile south of the south-eastern corner of 
Portion 37, on the head of Bog Hole Gully, in which are ex* 
hibited many of the features noted in the Hyde's Greek complex 
(9, pp. 133-4). The keratophyre varies from a purely felspathic 
type to a type irregularly blotched with areas enriched in mag¬ 
netite, in a matrix of evenly coloured rock. There is also a 
mass of more or less homogeneous magnetite-keratophyre, which 
is, however, rather slaggy or vesicular, the openings being filled 
with calcite(s*£ p.373). The margin of this irregular group of 
intrusions is strongly jasperised, and the jaspers contain irregu¬ 
larly distributed masses of haematite. There can be little doubt 
that here also the ferruginous jasper has l>een developed by 
solutions emanating from the keratophyre. 

Towards the southern end of the zone of keratophyre, where* 
it is sharply cut off by a fault, the rock becomes much brecciatcd, 
and peculiar spherulitic masses are developed, which, when 
microscopically examined, proveto result from intense secondary 
siliciflcation (see pp.374-375). The rock is traversed l>y numer¬ 
ous veins of quartz, and, in optical continuity with the grains in 
these veins, there are roughly circular areas in which quartz has 
entirely replaced the minutely granular ground mans of the rock, 
and forms a matrix in which lie embedded the more or less 
idiomorphic felspar-laths. tiach of these areas weathers out like 
a spherule. 

Home long strips of highly silicified cluystones are enveloped 
in this mass. 

The Igneous Mocks of the Western Series . 

1. The Pyroclastic Rocks. 

The Igneous Zone,- One of the most continuous and str&ti- 
graphic&lly useful lithological horizons in the Tamworth Dis¬ 
trict is the Igneous Zone, which there lies about 800-1,600 
feet above the horizon of the Nemingha limestone. This 
is not a definite horizon, but merely a lithological zone in 
which pyroclastic rocks were constantly present, and were often 
associated with intrusive rooks* This zone is not so clearly 
marked in the Loomberah District, but seems to be here repre- 
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Rented by a fairly continuous band of pyroclastic rocks, which 
lies a short distance below the Looraberah limestone. Sills of 
dolerite do not occur in this, but lie a short distance below it, 
as, for instance, in Portion 61, Looraberah (here the felspar is a 
l&bradorite with a marginal zone of oligoclase), and in Portions 
59, 58, 24, and 35, in which also the felspars are free from albi- 
tisation. The tuffs, however, are more continuous than the in¬ 
trusive rock, and may be traced right through into the Nundlc 
region. 

The Nemingha tied Breccia,— A second igneous zone occurs in 
the Loomberah District, which is of more distinctive nature and 
stratigraphical value than the one last noted. It is in close 
association with the Nemingha limestone, and may he termed 
the Nemingha Red Breccia. It is especially marked by the 
presence of a deep red colour. The breccia of which it is com¬ 
posed has evidently been subjected to the action of solutions 
rich in iron, soda, and carbonates, which have introduced much 
magnetite and hieinatite into the rock-fragments, and converted 
their felspars into albite and carbonates. The zone appears first 
well developed in Portion 58 (Mr. Cartels property), the breccia 
lying along the western side of each band of limestone (*e« p.330). 

It occurs again in the western corner of Portion 56 near the 
Jasper Knob, and traces of it are seen in the fields south of 
here. It does not form a definite band, however, until Portion 
32 is reached, and there it is marked by a mass of porphyritic 
dolerite. From this point, it extends to the south, closely asso¬ 
ciated with the limestone, which at first lies on the east side 
only, but, nearer Black Jack, appears also west of a band of red 
breccias five hundred yards in width. Half a mile north of 
Black Jack, the limestone and breccia-zone is thrown nearly half 
a mile to the east and its width is nearly doubled, but a second 
fault crossing the northern face of the mountain while moving the 
centre of the band of breccia about a hundred yards further to 
the east, causes it to return to a width of approximately three 
hundred yards. It is here greatly broken, and numerous passes 
of Nemingha limestone occur in it. The same horizon has been 
traced across Cope's Creek, and as far as Silver Gully. Here, 
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the quartz-keratophyre breccia, associated with the limestone, 
described and figured in a previous paper (ft, p 137), belongs to 
this horizon, in the southernmost extension of the zone, the 
strong impregnation of the rock by ferruginous solutions, and 
its consequent red colour, are not always present. 

We find in this another zone, which can be traced all through 
the Loomberali District, and into the Nundle District. Tt is 
also seen, in all probability, in the Tamworth District. The 
masses of red, ferruginous breccia associated with the southern¬ 
most masses of the Nemingha limestone in the south-east of the 
Tamworth Region, doubtless belong to this zone, And it is a 
matter of great difficulty to determine bow much of the pyro¬ 
clastic rocks on East and West Gap Hills in that palish rightly 
belong to the Nemingha Red Breccias or to the Igneous Zone. 

7'htt Silver Gully Agglomerate. —A short distance westward of 
this zone, commencing at Black Jack, is a second mass of coarse 
breccia associated with limestone, which, however, is nearly 
always in the form of small fragments except on Black Jack 
itself. This may be traced southwards across Cope's Creek, and 
obtains a great width in Silver Gully. A small lenticle of lime¬ 
stone appears on the slope to the north of this creek. It is 
apparently heavily faulted near this creek. Beyond Silver 
Gully, it continues as a narrowing band containing small lenti¬ 
cular patches of limestone, but is cut off by a fault before reach¬ 
ing Hyde’s Creek. 

Though the limestones on this zone are of the Nemingha-type, 
though in small lenses, the lithology of the breccias, the occur¬ 
rence of fragments of coarse dolerite, etc,, and the absence of 
red colouring, are features bo distinct from those of the Nemingha 
Red Breccias, that the two masses cannot be considered to be 
on the one horizon. We may conclude, therefore, that the Silver 
Gully Agglomerate is a third horizon of pyroclastic rockB, inter¬ 
mediate in position between the Igneous Zone and the Nemingha 
Red Breccias. 

This intermediate horizon appears to be repeated on the 
hills west of Wallaby Mountain. It commences immediately 
south of the fault which truncates the keratophyre, and here is 
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nearly half a mile wide, and includes a band of a peculiar por- 
phyritetjci p.369, specimen 1435). In lithological character, 
the agglomerate is very like that in the band described last. It 
may l>e traced continuously to the south, becoming narrower all 
the way, until it dies out near the Pipeclay dully 

Massive Igneous Rocks. 

The Keratophyrtii.— The most striking feature of the massive 
igneous rocks is the occurrence of a second long zone of ker&to- 
phyres extending from near the northern end of the n&p to the 
southern. The northernmost occurrence in this zone appears to 
be the few small sills at the head of Oakey Creek, in the Parish 
of Nemingha; but, further south, there is the keratophyre¬ 
coin plex by Macll veen's, which dearly belongs to the zone here 
discussed. It has been already described (6, pp.571-8). South 
of the Peel Hiver, keratophyre appears again in Portion 55, 
Loom be rah, where there is a very inconspicuous outcrop of vesi¬ 
cular, magnetite-bearing keratophyre to the west of Sandy Creek. 
Beside it, there rises Jasper Knob, a huge mass of jasper, some¬ 
times almost sacclmroidal or miarolitic, with chalcedonic quartz 
and finely divided platey hssmatite, not at all smooth and uniform 
like the jaspers of the Eastern Series. The hill is about 200 
yaids long and over 100 yards in width, and is crowned by great 
crags of j&Bper rising about lftO feet above the creek. To the 
north and south, the country-rock is more or less jasperised 
claystone. There can l>o no doubt that the presence of the 
jasper is due to the impregnation or replacement of the claystone 
by ferruginous solutions emanating from the keratophyre, just as 
was shown in earlier papers (e.j/., 5, pp. 133-4, 137, 164; 6, p.672). 
There is, however, a remarkable disproportion between the site 
of the mass of jasper and the small amount of visible keratophyre. 

Passing to the south, no more keratophyre belonging to this 
zone appears for a distance of about four miles. Then it is Been 
forming the low ridge in the east of Portion 31, the red breccias 
and Nemingha limestone occurring along its western margin. 
It is here a porphyritic rock, with large phenoorysts of acid 
oligoclaee in a finely trachytic base, in which a little quartz is 
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present. From this point, it may be traced across lleedy Creek 
to the point where it is cut off by the important cross-fault men¬ 
tioned below (#ee p.351). This portion of the zone includes a 
very unusual facies of keratophyre, namely, an apbanitie rock 
with a semi-perlitic fracture. Microscopical examination proves 
that this is a minutely crystalline variolite(«ee 1405, p.369). 

The zone is then thrown to the east, about 600 yards, by the 
above-mentioned fault, hut, a short distance further to the south, 
it has been thrown back to the west, and continues along the 
eastern side of the Nemingha limestone across Cope’s Creek. 
In this portion cast of Black Jack, it is not entirely uniform, 
some portions being rather less acid than others (see, «.</., the 
description of 1383, p.370). 

The keratophyre continues south of Cope’s Creek, its intrusive 
nature being rendered clear by the large block of limestone 600 
yards south of the creek, which has been torn off from the 
Nemingha horizon and enveloped by it. It may be traced from 
this point down to Pipeclay Creek, where it is extremely sili¬ 
ceous, and thence to Silver Gully. The features of this region 
have already been briefly described (6, pp. 137 and 154-5). Of 
particular interest in this southern Extremity of the keratophyre 
zone is the occurrence of the Silver Gully keratopliyre-complex 
(jaspers, magnetite-keratophyre, etc.) which is intrusive into 
the limestone. The brecciation of the keratophyre, and its pas¬ 
sage into what seem to be breccias connected with the Nemingha 
Red Breccias, are subjects well worthy of detailed study, which 
the writer, by his removal from Australia, is unfortunately pre¬ 
vented from making. 


The Doleritee . 

Three separate types of dolerite occur within this area, 
grouped into three intermittent lines of intrusion. They may 
be termed—reading from north to sonth—the Hypersthene-, the 
Porphyritic, and the Albitio Dolerite. 

The Hyperethene-Dofaite .—This belt of doleritee has been 
already mentioned as lying a short distance below the Igneous 
Zone. Its northernmost occurrence is by the river-bank in Por- 

96 
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tion 61, whence it may be traced through Portions 59, 58, and 
57. The largest mass lies nearly three miles further to the 
south, namely, in Portions 24 and 35. This is an almost granit¬ 
oid rock characterised by the presence of strongly zoned plagio- 
clase, chiefly lahradorite, and hypersthene in association with 
augite and ilmenite. An analysis of this rock, 1387, is given 
below (p.368). 

It is not clear whether any of the dolerites further to the 
south, such as that in Portion 37, should belong to this group, 
though they were originally possessed of basic felspar, now partly 
changed to albite and prehnite. 

7'he Porphyritic Dolerite is intimately associated with the 
Nemiugha lied Breccias, and, therefore, has invaded a somewhat 
lower horizon than the hypersthcne-dolerite. It appears in 
typical form, east of the limestone in Portion 59, as a handsome, 
dark green rock (1407). It has pale green phenocrysts of acid 
labradorite and dark chloritised augite, while the peculiar spougv 
fabric of the base suggests a relationship to the keratophyres. 
A much larger mass occurs in Portion 32. This occurs intrusive 
into the Nemingha Red Breccia In between these two masses, 
the large and small fragments of porphyritic rocks in the 
Nemingha lied Breccia have features strongly suggestive of close 
association with, if not original membership of this group of 
intrusions. The ferruginous, albitising solutions have, however, 
strongly attacked the rocks, changing pyroxenes into iron-ores 
and carbonates, while plagioclases, originally basic, have passed 
into albite and carbonates. These have thus become kerato¬ 
phyres through the alteration of dolerite-porphyrites, a process 
analogous to that described by Neithanimer(18) and E. B. Bailey 
(19), and they are associated with fragments of normal trachytic 
keratophyres, more or less impregnated with ferruginous solutions. 

It is possible that these porphyrites may be connected with 
the porphyritic spilites on East Gap Hill, in the Parish of 
Nemingha(6, pp.596-8). The latter pass without break into a 
red breocia identical in all respects with the Nemingha Red 
Breccia. The porphyritic rocks are not, however, identical. The 
East Gap Hill rock has suffered to a greater or less degree from 
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metamorphosing solutions, which have replaced the basic felspar 
by albite and minutely granular quartz-mosaic. 

This correlation would involve some alteration in the details 
of the tectonics and stratigraphy assumed previously for the 
neighbourhood of East and West Gap Hills (see below). 

Th* Albito’Dolerite.—Thfa zone commences to the west of the 
keratophyre in Portion 37, and occurs first in a series of small 
isolated lenses running south-east until the first great cross-fault 
is reached. No more appears for half a mile to the south of 
this, but, beyond the second cross-fault, a large sill appears, and 
continues thence without a break across Cope’s Creek to Pipeclay 
Creek, a distance of over two miles. The sill is nearly 200 yards 
in width, and its dip is approximately vertical. At its southern 
end, the dolerite is faulted against the eastern mass of the Silver 
Gully agglomerate, and a great ridge of coarsely crystalline, 
ferruginous jasper has developed in the plane of movement. (The 
appearance of this ridge would lead one to expect that a little 
ferruginous keratophyre would be found along its western face. 
Time has not permitted the writer to search for this). 

Petrologically, this zone is rather varied; a specimen taken 
from the northern portion shows a mixture of sub-ophitic and 
sub-variolitic textures, with clear alhite, and augite(1378); but 
west of Black Jack, in the main zone of rock, a dolerite occurs 
(1376), the albite of which is very dusty and associated with 
prehnite, and has evidently been derived from a more basic 
felspar, with associated alteration of the augites to chlorite. 

This zone of dolerite, lying as it does between the Serpentine 
Line and the Nemingha Limestone, is probably to be correlated 
with the dolerites that extend from the mouth of Sheep Station 
Creek (three miles south-east of Pipeclay Creek) to beyond 
Hanging Bock (#66 3, Plate xxi.). We may also consider that it 
finds a repetition in the zone of dolerites and spilites that lie 
west of the Nemingha Limestone, and extend from near Bowling 
Alley Point across Moonlight Hill and Tom Tiger into Swamp 
Creek. In these, many examples of the'sub-ophitio to sub- 
variolitic albite-dolerites have been observed (A, p|, xxv. t tig.2). 
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Summary op Devonian Sthatigraphioal Succession. 
Before attempting to draw up an amended columnar section 
(Text-fig. 1; see also 6, p.549), we must point out the uncertainty 
of some of the data upon which it is based. Owing to the rarity 
of exposures showing the angle of dip, reliance must be based 
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upon the correlation of certain leading cones with other zones, 
the horizons of which have been determined in the Tamworth 
District. This correlation is often lithological only, and the 
cones compered are sometimes pyroclastic accumulations, which 
may vary greatly when traced in a lateral direction, or may 
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completely disappear, or they may even be sills, which, in addi¬ 
tion, may transgress from one horizon to another, while the 
presence of an indeterminable amount of strike-faulting permits 
frequent repetition or complete disappearance of some beds. 
Hence detailed accuracy is impossible. One must either Jeave 
the succession a chaos, or attempt to piece together the isolated 
fragments of evidence, making as few and as reasonable assump¬ 
tions as possible. The latter course appears preferable. 

If reference be made to the earlier columnar section (foe. ctf., 
the lowest portion of phyllites, jaspers, etc., may fairly 
be correlated with such rocks in the Eastern Series as are not 
comparable with Western types. They are separated from the 
Noinitigha Limestone by the intrusive mass of the eastern kerato- 
pliyre, a great irregular sill, and an unknown width of transi¬ 
tional rocks. There is possibly a fault west of this, causing the 
disappearance of all but the small mass of the Nemingha Lime¬ 
stone in Portion 52, which itself would then be a repetition of a 
portion of the main zone of the Nemingha Limestone. Beneath 
this main zone, there is also keratophyre closely similar to that 
to the east of it, and tentatively correlated therewith. The 
Nemingha Red Breccia reaches its maximum thickness near 
Black Jack, and is possibly there near the point of its eruption. 
The Nemingha Limestone is not confined to one horizon only, 
sucli as the base of the Red Breccia, but may occur in large 
lenses at various levels within this breccia, though since the 
breccia must have been rapidly formed, all such lenses of lime¬ 
stone are practically coeval (cf. 6, p.575). The depth of the sea 
during the deposition of these limestones must have been con¬ 
siderable to permit of the rapid accumulation of such a thickness 
of breccia, though Mr. Chapman’s remarks suggest (me p.390) 
that this locally may have risen above sea-level and permitted the 
formation of oolitic limestone. Such local production of islands 
of pyroclastic material was shown to be probable iu the Tam- 
worth District. The intrusion of the porphyritic dolerite seems 
to have been closely connected with the formation of the 
Nemiflgha Breccias. 

The deposition of radiolarian cherts and claystones followed, 
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but was shortly interrupted by the outbreak of the volcanic 
action which formed the Silver Gully Agglomerate extending 
from Black Jack to Hyde’s Creek, the centre of eruption 
being probably near the southern margin of the map herewith 
(Plate xxxii). 

Further radiolarian sedimentation followed, with minor 
volcanic outbreaks, until the more extensive eruptions occurred 
which have produced the pyroclastic rocks of the Igneous Zone, 
which are not as thick in the region under discussion as they 
are in the districts to the north and to the south. Associated, 
apparently, with this eruption was the intrusion of several 
doleritesills lying below the horizon of the pyroclastic rocks of 
the Igneous Zone. The sills exposed within the -Loomberah 
Parish are of normal composition, that to the south of Looraberah 
being albitic. Whether the keratophyres below the Neiningha 
Limestone were injected at this period or not, cannot lie deter¬ 
mined at present; they were evidently formed under a consider¬ 
able cover of sediment. All the tuffs contain fragments of coarse- 
and fine-grained keratophyric material (but not fragments of 
ferruginous jasper). 

Radiolarian sedimentation ensued once more, and the deposi¬ 
tion of the Looinherah Limestone followed, the limestone rising 
in places above the surface of the sea, so that it has distinctly 
the features of a littoral formation. Nevertheless, the radio- 
lariau mudstones above and below it are quite of the normal 
type, the former containing abundant small intrusions of acid 
tuff 

Following the deposition of the Loom be rah Limestone is a 
series of radiolarian claystones and tuff. The most important 
ceiltre of eruption was near the head of Cope’s Creek, the bands 
dying away rapidly to the north, but continuing some distance 
to the south. A less important centre of eruption lay near the 
north-western end of the area mapped, in Oalala Parish. Above 
these agglomerates, the radiolarian claystone gives place to a 
radiolarian mudstone, softer, and not quite so finely granular as the 
former rock. No sign of the Moore Creek Limestone is present, 
though it might be expected near this region of change in char- 



ftV W. V. BKXSON*. 


35& 


acter of sediment. In this aeries occurs the /one of the Scrub 
Mountain Conglomerate, which, commencing in the south-west 
of Loomberah Parish, may be traced to beyond Nundle. There 
is at present no evidence to show the change in geographic con¬ 
dition which led to the development of this formation, but the 
suggestion lias been made above(p 341) that it represents a con¬ 
glomerate laid down by a sea transgressing over a region which 
has been upwarped during the eruption of the immense masses 
of pyroclastic material forming the Baldwin Agglomerates, which 
extend intermittently from Tamwnrth to Bingara. If this be so, 
the Scrub Mountain Conglomerate in approximately coeval with 
that outbreak. 

No angulur or lithological unconformity, however, has been 
recognised between the mudstones above and below that con¬ 
glomerate. The mudstones nlxive this region (which, if the pre¬ 
sumed stratigraphic jxisition of the conglomerate is correct, 
belong to the Ha mil hi Series) are exactly like those below. They 
contain the Pyramid Hill tuft's, the centre of eruption of which 
was near the Pyramid Hill Huugc, for they die out to the north¬ 
west and also to the south-east, as is indicated by the topography 
of the regions beyond the area mapped. Higher beds than this 
lm\e not liecit traced in this region. 

7 he Serpentines, etc. 

The liaiul of Hcr}H k ntinc in the south-eastern corner of the map 
of the Tam worth district, continues for nearly a mile till, near the 
main road in Portion 83, Ncminglia (behind Mr. White's resi¬ 
dence), it is sharply cut oil by a small fault, which has displaced 
the eastern scries a distance of about 100 jnrds to the north-west. 
The serpentines of the above hand are of varying width, and 
largely schistose, and do not show any relief. A noteworthy 
feature is the occurrence in the serpentine, in Portion 105, of a 
very coarse pegmatitic mass of albite and quart/, which has 
been shattered ami seamed with further veins of quartz. 
Similar albitic veins occur elsewhere in the serpentine ( 4 , pp.691- 
2). South of the above-mentioned fault, no continuous zone 
of serpentine is met with. A small lenticle, about 60 yards in 
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length appears in Portion 54, Loomberah, and then no sign of 
serpentine until Portion 39. Here, nearly six miles from the 
last occurrence, the serpentine is found in intimate relation 
with a mass of vesicular spilito. A single baud of spilite has 
apparently been broken by oblique faults, and, into these, 
peridotite has been injected. The northernmost patch appears 
actually to invade the spilite, but the rubbly nature of the ex¬ 
posure renders this uncertain. The masses of serpentine to the 
south have been thrust between the fragments of the. sheared mass 
of spilite, and, beyond these, serpentine occurs here and there in 
the line of sheuriug paging southwards up a small gully. Again 
there is a gap of two miles free from serpentine. It then appears 
south of Cope’s Creek, as a narrow zone, widening to the south, 
extending through a small saddle into the watershed of Pipeclay 
Creek. This inass of serpentine contains abundant intrusions of 
doleritc, of the type frequently present in such association, already 
described from the neighbourhood of Howling Alley Point, and 
Moonhi(5, pp.156-7; 6 , pp.615-6). 

No further serpentine is seen till on the sou them side of the Hat 
opening at the mouth of Hyde’s Creek, when a small patch appears 
on the north side of the Peel River in Portion }), Parish of Duu- 
gowun, and is continued south of the river for a couple of hundred 
yards, until it is cut off by the southern boundary-fault of this 
ancient senkungsfcld-area (see below, p. 360). Its further 
development commences in Sheep Station Creek a mile east of 
here, and continues to Hanging Hock, as already described (8, 
pp. 582-5). 

Granophyre . 

A single narrow vein of creamy-white granophyre occurs in 
Portion 35, and is, perhaps, to be correlated with the veins of 
granophyre and porphyry associated with the granite in the 
Nundle District, though the nearest known occurrence of this is ten 
miles away. It consists of fairly idiomorphic but very kaolinised 
plagioclase, zoned but apparently acid in the main. These form 
prisms 0*8 x 0*1 mm. in cross-section, with interstitial quartz 
and sometimes granophyric intergrowth. Small, brown-green 
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prisms of hornblende also occur, with fibrous extensions, and 
rarely large grains of magnetite. 

The Permo-Carboniferous Sandstones, 

Nothing need be added to what has already been published con- 
cerning these rocks(3, pp.586-7) save in regard to their relation 
to the faulting, which is discussed in a later section(p.360). 

Tertiary Basalt . 

The occurrence of the Tertiary luisalt is confined to a few locali¬ 
ties. it is found only in necks and dykes. The largest neck is the 
mass of Block Jack llscll', a roughly circular area of basalt in 
which a thickness of about 300 feet of tins rock are exposed. 
There is absolutely no sign of underlying gra\els, and the varying 
height of the lower limit of the exposed basalt seems to depend on 
the relation of the surface-topography to the margin of a \ertical 
column of rock. Half a mile to the north is another small plug of 
basalt cutting through the limestones. This is only 100 yards in 
diameter. A third occurs near the mouth of Hyde's Creek (6i 
p. 172). 

Finally, a small dyke of Itasall has been noted near the head of 
Keenly Creek, running in a directum parallel to the trend of the 
dip-faults. These are quite normal olivine-basalts, concerning 
which no special petrological features are worthy of record. 

Recent Drift and Alluvium, 

These terms are employed in the same sense as before (6, 
pp. 500-502). The greatest accumulation of drift is in the large 
Hat near tho head of Reedy ('reek, a topographic feature whoso 
significance is not quite clear. The alluvium of the Hood-plain of 
the main river includes about eleven feet of loam lying above 
# gravel, which, in the single test known to the writer, reached a 
thickness of thirty feet. The thickness of the upper stratum of 
loam is subject to rapid variation. Mr. R. II. Dowe informed the 
writer that in Portion 59, a fence four feet jn height was com¬ 
pletely covered in twenty-five years, while uearby, in the hole left 
by a tree which had burnt down to the roots, it was obvious that 
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the flood-plum le\el had risen at least eight loot during the life oi 
that tree. 

Folding and Faulting. 

We are iuiw in u jHJHition to suinnuirise the tectonic structure 
of the district, as deduced from the assumptions niude in our 
stratigraplueal correlations. 'Hie most obvious fact is a general 
close folding along an axis running in a direction averaging N. 22° 
W.-S. 22“ E. (magnetic). The folding force came from tlie oast, 
and the eastern side is most affected. There is a median Zulus of 
great crushing into which the serpentines ha\e been injected, and 
a western zone with a dip at first nearly \eitienl though predomi¬ 
nantly westerly, decreasing in amount as we pass in that direction. 

East of this Serpentine Fane, however, the strike N.22*W. is by 
no means universal, but a more nearly meridional strike is quite 
common, as shown by the calcareous breccia on the south-west oi 
Wallaby Mt., which runs obliquely to the Serpentine Line, or by 
the tuffs, etc., outcropping by the roadside in Portion 43, or by 
the northern end of the serpentine mass in Cope’s Creek. This 
recalls the virgationof strike in the Parish of Ncniingha (0, map), 
or that in the region of Mundow'ey on the Nainoi(2 or 7, map). 
Hut superposed upon this oblique strike is the rcgionnl strike 
shown in the great lines id* shear m which are de\eloped the red 
jaspers, such ns those that form the chlTs oL' Wallaby Mt., and 
extend to the mouth of Cope’s Creek. 

We concluded that the eastern mass of keratophyre, in the zone 
west of the Serpentine Line, may have u fault along its western 
margin concealing the limestones, for the most part. Another 
probably occurs along the east side of the western keratophyre. 
Between these, the chert dips E. 35“ N. at 85“ in places, and is, 
therefore, slightly ovcrfoldcd (see Text-fig.2). West, of the 
limestone, the beds dip to the west, but there is doubtless a con¬ 
siderable amount of repetition by strike-faulting, with, occasion¬ 
ally, a reversal in dip. 

The Pyramid Hill Range structurally is a great syncline, cut by 
one or more strike-faults. The analysis of the probable folding 
and strike-faulting thus indicates a structure comparable with that 
of the Tam worth District and regions further north. 
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Wo Jiu\c now to consider a second group of faults, concerning 
winch little has ^et been mentioned. These run m u direction 
approximately at right angles to Die main line of strike. Une is 
thus reminded of Huess’ discussion of Haw-faults or “blatter "(20), 
and might suggest that they wore here caused by the differential 
folding thrust exerted between the TamvvortU region, buttressed by 
the Moon In Granite, und llm Aundlc region buttressed by tbe 
Duucuii's Creek Granite; for, in tliose regions, strike-faults, such 
as occur in the Loumberali region, are not nearly so strongly 
marked a feature. Against this, how ever, is the absence of any 
definite evidence as to the retaine age of these faults and the 
grunite-wastteh, and the certainty that considerable vertical, as well 
us horizontal, movement must have occurred along the fault-planes. 
The dip-faults are clearly younger than the folding and strike- 
faulting, and, though the evidence is not yet conclusive, the dis¬ 
placement of the serpentine from its position on the Peel River, 
near Warden’s (Portion 9, Duugowun), to the mouth of Sheep 
Station Creek, half a mile to the oust, may well be due to the 
marked dip-fault which runs from Hyde's Creek to the Peel River. 
The dip-faulting then would be later than the intrusion of the 
ultrabasie rock. Furthermore, it was concluded that the large 
open area at the mouth of Hyde’s Creek owes its origin to the 
removal, by the river, of an in-faulted block of soft Permo-Car¬ 
boniferous rocks among the harder Devonian beds (3). The 
southern boundary of this area is marked by the above-mentioned 
dip-fault; the northern boundary is parallel thereto, and, in all 
probability, has been determined by a similar fault. The eastern 
and western limits of this area are sufficiently nearly parallel to 
the main strike to suggest that they were determined, in some 
degree, by movement along lines of strike-faulting. Heucepart ut 
least of the'movement along these fault-planes must have occurred 
after the deposition of the Permo-Carboniferous Sandstones. This, 
however, was perhaps posthumous movement on fault-planes first 
formed during the late Carboniferous folding. Tbe author’s 
removal from the State has prevented his completing the detailed 
study of the faults around this down-thrown area. 

f Continued on jt. -HU.) 
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NOTES AND EXHIBITS. 

Mr T. Steel exhibited the gizzard of a Muscovy duck with a 
lateral, vermiform appendage, three-quarters of an inch in length. 

Mr. Fred Turner exhibited a specimen of Geranium moHe 
Linn., a European annual weed, found growing in Moore Park, 
in 1891, a species not included in the late Dr. Woods’ “Plants 
Indigenous and Naturalised in the Neighbourhood of Sydney ” 
(1891). 

Mr. J. L Froggatt showed specimens of the common House-fly 
(Muaca domettica Linn.) bred from maggots collected from stale 
and rotten liver in which blowfly-maggots had previously fed and 
matured, at Moree, N.S. W.; the first time, as far as the exhibitor 
could ascertain, that this species had been reported as breeding 
in purely animal matter. 

Mr. W. W. Froggatt exhibited specimens of three introduced 
beetles of economic importance— Anobium domesticum Fourer, 
a wood-borer, introduced from Europe in timber, recently found 
damaging floors in several localities; Jthtzopertha dominica Fabr, 
an Indian beetle, becoming a serious wheat-pest in South Aus¬ 
tralia, and at Sydney; Sphenophorns j Uriatut Fahrs., a Brazilian 
beetle, whose larvn attack the basal portion of the stems of 
Banana-plants in Southern Queensland and in the Tweed River 
district. Mr. Froggatt also communicated particulars respecting 
recent migrations of mice in inland districts, and of small, car¬ 
nivorous Marsupials (Phascogale Jlavipee Waterh.) which prey on 
them. 

Dr. Tillyard showed a specimen of shale with a fossil insect¬ 
wing, from the roof of the ooal-seam of the Sydney Harbour 
Colliery, described in a recent paper. 

Mr. Fletcher showed a series of Brachysoelid galls from one 
branoh of a tree of Eucalyptus re$ini/era f some of which had 
incorporated leafy branchlets, 
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ORDINARY MONTHLY MEETTNO. 

July 31st, 1918. 

Professor H. 0. Chapman, M.D., B.S., President, in the Chair. 

Miss Hkatiiek Shrkrir, B.Sc., Science Research Scholar, 

University of Sydney, was elected an Ordinary Member of the 

Society. 

* 

The Donations and Exchanges received since the previous 
Monthly Meeting (26th June, 1918), amounting to 2 Vols , 28 
Parts or Nos., 1 Bulletin, 1 Report, and 3 Pamphlets, received 
from 27 Societies, etc., were laid upon the table. 
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THE UEOLCXJY AND PETROLOGY OF THE GREAT 
SERPENTINE MELT OK NEW MOUTH WALES. 

Pakt \ii. Thr Gkoloo\ ok thk Loomiirkah Dintkkt and a 

PORTION OK THR (lOONOO UoDNOO EhTATK, 

• 

l \\ \\\ N. Bknson, B A., D.Hc., Profkssok of Okoumiy 

AND MlNKKALOGY IN TIIK UNIVERSITY OF Ol’AUO, N.Z , LATK 
LlNNKVN MACLKAY FlCLLOW OF THK SOCIKTY IN GK 0 U) 0 Y. 

With two Palason toloi»u*aj, Appkndickm hy F. Chapman, 
F.H.M.S., A.U.S., Palasontolouiht to thk National 
Museum, Melbourne. , 

(PInt oh \xxi,-xx\\iii., and five Text-figures). 
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PETROLOGY. 

The only rocks of special interest, to which attention will he 
devoted in the sequel, are the massive Devonian Igneous rocks, [t 
was hoped to make a complete study of the rocks which occur os 
fragments included in the coarse Silver Gully Agglomerate and 
the Scrub Mountain Conglomerate, but the securing of sufllcient 
material was prevented by want of time. The attention of future 
investigators is directed to this point. Of the massive rocks, we 
find, in this region, several types not elsewhere noted in the 
Middle Devonian Series, namely, hypersthene-dolerite; porphyritie 
dolerite with baaic felspar; various types intermediate between 
doleriteor spilite, and koratopbyre; a semiperlitic variolite; and a 
peculiar pseudospherulitic or blotched, silicifled, pyroxenie kerato- 
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phyre. The conclusions previously reached, as to the mode of 
origin of magnetite-keratnphyres, and their relation to normal 
keratophyres, and jaspers are quite confirmed. 

Dolerites* and Spiliteg of the Eastern Series arid the Transitional 

Zone. 

In Portion 43, there occurs a very quartzose dolcrite, No. 1308. 
The felspar occurs in perfect prisms and prismoids. It is an andr- 
Hine only slightly zoned and very turbid.• The augite is in idiomor- 
phic grains, with a normal optic axial angle. It is more or less 
replaced by chlorite. Tlmenite forms large angular grains; and 
quartz is very abundant in large interstitial grains, and is never 
grnnophyric. The spilite (1390) which occurs in Portion 36 by 
the western boundary of Portion 47, is a very fine, even-grained 


* In a review of the earlier parts of this series of papers. Professor 
Johan risen (Jonrn. of (fool., 1017, p,494) writes:— 41 The term dolerite 
is apparently used in a different sense from that common in the United 
fttates, where it signifies a ooarse-grained basalt containing a basic plagio- 
olase. The writer speaks of albitization proceeding inwards in the felspar, 
by whioh he apparently means that the sodio rims am secondary. It would 
seem more probable that the zonal rims are primary. The rock thus ap¬ 
pears to be an augite-andesite." It is, therefore, desirable to state that 
the albitio rocks indicated are structurally, and in their mode of occur¬ 
rence, similar to those termed albite-diabases by Flett and Dewey (Geol. 
Mag., 1011), and differ from them chiefly in the better preservation of the 
pyroxene. Subsequent research has shown that they are associated with 
rocks with basio plagioolase, whioh are quite similar to, say, the Devonian 
diabases of Germany. The name dolerite was adopted in oonformity with 
Dr. Karker's praotioe [see Petrology for Students, 4th Edition) to indioate 
the original nature of the rook. The term aaglte-ondesite might have been 
misleading. The secondary nature of the albite was inferred partly from 
comparison with the analogous rooks studied by Flett and Dewey. Sub¬ 
sequent work led the writer to doubt the universality of the albitisation, 
and the present investigation leaves him with the feeling that the albite 
may sometimes be a primary magmatic crystallisation, sometimes the 
result of seeondary post-voloanio replacement by mogmatio solutions. 
Analyses show that such albitisation is aooompanied by an addition of 
soda. In the cose of aoaloite, it has been shown that these two stages 
merge into one another, and it is suggested that the same may hold in 
regard to albite. 
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rook with small pheuocrysts of augite and albite. In ttruelure, it 
is closely comparable with the usual types of spilite in the Eastern 
Series, but it has been rather crushed. The highly altered pillowy 
spilites and associated dolerites in Portion 66 remain to be men¬ 
tioned. Thu dolerite (1377) was originally ophitic, and though the 
rock lias been completely decomposed, the structure Has’ been 
retained. The felspar has lieen replaced by strained quartz and 
chlorite, the latter when forming a large area being generally 
sphcruhtic. The silica is sometimes chalcedonic, and may have 
narrow margins of carbonate. A second form of alteration is to 
calcite, with a small amount of residual albite. The augite is 
entirely changed to platey chlorite. A little magnetite remains. 
The spihlos forming the pillows are represented by Nos. 1112 and 
1124. In these, the original structure is more or less lost, owing to 
the decomposition of the constituent minerals. Traces, however, 
indicate that the felspar formed prisms, which are now replaced 
cither by chlorite (1124) or a clear, colourless, intermediate 
material (1112), which is perhaps a zeolite. The pyroxene was 
idiomorphic (1112) or ophitic (1124), and is now changed to 
chlorite in green plates with spherulites, or associated with dolerites 
or cnlciie. The formation of chlorite is accompanied by the 
separation of magnetite. 

The lyneovx Rocks iv the Tamimrth Series. 

The Dolerites. 

The Dalcritcs with basic felspar occur in the northern of the two 
Kories of intrusions already described, those with albite ai*e in the 
southern intrusions. The freshest Example of the first group is a 
rock (1387) from the large intrusions in Portions 24, 35. It has 
a structure intermediate between the granitoid and suhophitic. 
The felspar is strongly zoned, the main portion being labradorite, 
the margins of the grains oligoclase. The ferromagnesian minerals 
are abundant, augite in sub-idiomorphic grains being predominant. 
Hypersthene, however, occurs in considerable amount in large, 
roughly idiomorphic grains (upon which the augite is sometimes 
moulded), occasionally containing idiomorphic plagioclase. The 


26 
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hypersthene is decomposing peripherally in the usual manner. 
Biotite occurs in very small amount in minute plates. Titaniferous 
magnetite is abundant in irregular masses moulded to some extent 
upon the felspar and pyroxenes. Apatite forma abundant large 
prisms, and quartz occurs in a considerable amount in granular 
mass in interstices. A very complete analysis of this rock by Mr. 
Mingaye is given below. It is of particular interest as being the 
first instance of a hypersthene-hearing rock observed in the 
Devonian series. 

Closely related to this, but less riel) in coloured constituents is 
the coarsely granular dolerite in Portion 61 (1384). In this, the 
rhombic pyroxene is entirely decomposed, and is repivsented by 
pseudomorplm of talc and chlorite. Prelmite also occnrs as an 
alteration-product. The small patch of dolerite east of the kerato- 
phyre in Portion 37, is apparently of compound nature, containing 
both normal and alhitic dolerites. The first of these is exemplified 
by specimen No. 1409, a coarsely granular dolerite, with a felspar 
chiefly labrodorito, though clear patches of olignclase-andesine 
occur. The felspar is largely altered to prehnile. The augite has 
been partly altered to form chlorite, and crystals of magnetite are 
present. Quartz and hypersthene are absent. 

The Jlhitie Dolerite *.—The albite-dolerite in the occurrence 
mentioned above is a very dear, fresh rock (No. 1378), fine¬ 
grained, and with a gloraero-porphyritic to ophitic fabric, with 
small, ftnq-grained, sub-variolitic patches. The felspars give no 
sign of zoning; they arc quite fresh albitc-oligoclose, and, in the 
variolitic areas, there are skeletal extensions from the ends of the 
crystals consisting apparently of albite. The pyroxene is often 
quite tin decomposed; at other times, it is replaced by chlorite. 
There are peculiar sphemlitic aggregates of hematite in the vario¬ 
litic portions. Ilmenite occurs in small crystals. Closely related 
to the above is the dolerite (No. 1364) occurring by the boundary 
of the Peel River Company’s Estate, a mile due south of the last 
occurrence. The felspars, though albite, are a little dusty. The 
angite-crystals are partly ehloritised, forming irregular crystals. 
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These two rooks clearly belong to the same group of dolerites as 
figured in Part iv., Plate xxv., flg. 2. 

The next mass of dolerite (No* 1393), half a mile to the south¬ 
east of the point of occurrence of No. 1394, is a rook of medium 
grain-size, with Albite-felspar, interstitial quartz occasionally 
granophyric, and augite almost completely changed to chlorite; n 
little magnetite also is present. 

The dolerite in the belt of rocks which crosses Cope’s Crook, is 
exemplified by No. 1376. Though the felspar in this rock is now 
a very dusty albite, it has certainly been derived from a more basic 
mineral. It is sometimes a little spongy, containing prehnite, which 
also occurs interstitially in large clear patches. The augite is 
entirely replaced by chlorite; ilmenite and apatite occur in rather 
large grains. 

The Porphijritie Dolerites , generally closely associated with the 
Neminghp. limestone, may he illustrated by the description of three 
specimens. It occurs in Portion 59, immediately east of the lime¬ 
stones, and is a fresh-looking, dark green rook with plienocrysts of 
felspar and augite (No. 1407). The felspar is an acid labradorite^ 
and is only slightly zoned. The angite-phenocrysts are, in parts, 
quite fresh, while some are completely changed to psendomorphs of 
chlorite, and carbonates in one instance, with a further replacement 
of the centre of the pseudomorph by quartz and chalcedony. 
There are also small phenocrysts of magnetite. The base has a 
spongy fabric similar to that of quartz-keratophyre. It consists of 
short laths of dusty labradorite, on abundance of minute crystals 
of magnetite, and a good deal of interstitial quartz. 
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The following analyses, generously contributed by Mr. J. C. 11. 
Mingayc, F.I.C., F.C.S., show the composition of this rock, and 
also that of the dolerite with basic felspars. 



No. 1387. 

No. 1407. 

SiO, . 

51*14 

5817 

A1,0, 

14*47 ! 

16*07 

Fe,0, . 

a no 

2*60 

FoO 

8*28 

3H8 

MnO . 

<V22 | 

0*18 

NiO, GnO 

abs. ' 

abs. 

MrO . 

CaO 

5 *S0 | 

3*22 

!)’04 1 

8'18 

BaO 

* trace ' 

007 

Sri) 

tpresent ' 

+trace 

Na a O 

2-43 ! 

2*22 

K.O , 

0'57 

1*90 

Li.O 

aim 

: aim. 

H.0- 

0*34 

0*22 

H,01 ! 

2*52 

178 

CO, . 

abs. 

,0*93 

F ! 

— 

— 

TiO, . ; 

0*75 

0*55 

ZiO, 1 

ttbs. 

aim. 

FA), 

008 

0*16 

FeS, 

aim. 

0 07 

SO, .. 

abs. 

abs. 

Cl 

*trace 

*trace 

Cr,O t . 

*trace 

abs. 

v*o, .. 

003 

0*02 


99*87 

100*30 

•Specific gravity 

2*929 

| 2-783 


• Leas than 0*01%. + Speotrosoopic reaction only. 

No. 1387—Dolerite with hyperslhetie and basio felspar, Portions 24, 80, 
Parish of Loomberah. 

No. 1407—Porphyritio Dolerite, Portion 59, Parish of Loomberah. 

These analyses should be compared with those given on page 602 
of the fifth paper of the present series (0). 

No. 1416, from Portion 32, is very similar in general character 
to No. 1407, though rather more decomposed. The presence of 
chlorite replacing the inner portion of a zoned plagioclase-pheno- 
cryst is a noteworthy feature. 

lVhat appear to have been originally similar rocks, though now 





BY W N. BKNSON. 


369 


altered by the ferruginous and aJbitic solutions which travel sod 
the Nemingha Red Breccia, occur in fragments by the limestone in 
Portion 58. Specimen No. 1116 is a good example of these. It has 
a sub-variolitic to pilotaxitic base, consisting of small laths of acid 
plugioclaHc, from which grow-out skeletal felspars or sub-radiating 
microlites, with finely divided interstitial magnetite, together with 
larger well-formed magnetite crystals, interstitial quartz, and a 
\ery little chlorite. Here and there are irregular areas of calcite. 
The Large phenocrysts of felspar are entirely replaced by albitc, 
dotted with calcite. The trace of the original zoning is very 
obvious. 

A peculiar type of porphynte occurs interstratified in the 
agglomerates between Black Jack and Wallaby Mountain. It is a 
dense Uric-grained, black rock (No. 1435) with phenocrysts of 
fresh augite, usually singly twinned, and large crystals of plagio- 
close which are extremely full of inclusions of chlorite, apparently 
replacing augite-grnuiH, or portions of glassy groundmass, con¬ 
taining skeleton-crystals of ilmeuite. The groundmass of the rock 
ha* a basaltic texture more like that of some lamprophyres than of 
spilites. It consists of long prisms of augite and of plagioclase 
with skeleton-ilmenite, together with a considerable amount of 
piatey chlorite. 

Vanolile is represented by a single example (No. 1405). It 
occurs in the Peel River Company’s Estutc half a mile to the south¬ 
west of the southern corner of Portions 31 and 37 (Loomberah). 
It is a dark green, aplmmtie rock with a very poorly developed 
perlitic fracture. Microscopically, it proves to be an extremely 
finely crystalline rock, composed of sub-radiating sheafs of minute 
felspar-microlitcB, with fine-grains of magnetite arranged among 
them. There are a few small phenocrysts of albite and augite. 

The Keratophyres . 

'Flie keratophyres may be grouped into five mam divisions. i.The 
pyroxenio keratophyre. ii.The keratophyre proper. iii.The mag- 
netite-keratophyre. iv.The nodular siliceous keratophyre. v.The 
keratopbyre-breccia. These pass into one another. 
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The pyrojcenw keratophyrea are those floe- and coarse-grained 
types oi' rocks, which are intermediate in composition between the 
dolerite-spilite group, on the one hand, and the telepathic keru* 
tophyre on the other. They may or may not contain quartz. As 
instances of these may be described specimen No. 1414. This is u 
pinkish rock of medium grainsize and uyenitic appearance, occur¬ 
ring a quarter of a mile south of the point where 8andy Creek 
enters the Parish of Looinberah. It is granitic in texture, con¬ 
sisting of grains of albite up to 1 mm. in diameter, irregular 
prisms of augite partly uralitiscd or altered to chlorite, prisms of 
apatite, and a minor amount of sphene in irregular grains. 

The western ker a top hy redone is exempli tied by two rocks, which 
may be classed with the pyroxenic keratophyre-group. At the 
northern end of this zone, in Portion 31, the keratophyre (No. 
J4J5) is porphyritic with phenocrysts of albite, augite, now com¬ 
pletely chloritised, and ilmonite associated with small crystals of 
apatite in a glomero-porphyritie aggregate lying in a pilotaxitic 
base of laths and small phenocrysts of albite witli interstitial 
quartz. Further south, on the same belt, just east of Black Jack, 
occurs a rock (No. 1383) Tather more pyroxenic than this. It is 
dark green in colour, consisting of well crystallised albite-laths, 
generally alxmt 0*2 mm. in length, together with small phenocrysts 
of the same mineral 1 mm. in diameter, partly replaced by cblorite 
zonally arranged. Interstitially between the felspar-laths is a 
small amouut of devitrifled glass. The augite occurs iu small 
grains often more or less chloritised, and, iu addition, there is a 
fair amount of magnetite. The keratophyre of this zone is, how¬ 
ever, usually more acid than this, as instanced by specimens 
described below, and the higlily siliceous rocks near Pipeclay 
Crock. 

Bearing in mind Neithammer’s suggestion ( 18 ), supported by 
E. B. Bailey ( 18 ), that keratophyres are often only albitised 
porphyrites, we may inelude in this group specimen No. 1123 from 
the Nemingha Red Breccias (Portion 58). It is closely allied to 
No. 1116 described above (p.369), and contains idiomorphic 
phenocrysts of plagioclase, in which a little original andesine 
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remains, though moBt is replaced by albite or ealeitc. There are 
9 uIho email phenocrysts of fresh augite and magnetite. The ground- 
mass is extremely fine-grained, with a trachytic structure dotted 
with finely crystalline magnetite. 

The keratophyre* proper^ which consist essentially of acid plagio- 
daae, are rather less abundant than other rocks. They usually 
have present in them some other mineral, and as this becomes suf¬ 
ficiently important to distinguish the rocks, the necessity arises of 
adding a qualifying mineral name to the term keratophyre. The 
keratophyro on the border of Portions 35 and 36, Loomberah, is 
one of these containing the least amount of minerals other than 
albite. It consists of minute laths of albite In pilotaxitic to truc!i>- 
tic groundmasb, in which a few small phenocrysts of albite-mag- 
netitu and chlorite apparently replace augito. The felspars of the 
groundiiiatiN ure also associated with a very small amount of inter¬ 
stitial quartz, and there appears to lie a small intergrowth of the 
felspar-luths with quartz, forming little irregularly-shaped paitclieb 
with the same optical orientation throughout. The ground mass is 
cut by a Jew fine-grained veins of dear albite. The most felspathic 
of the keratophyres associated with the Nemingha Red Breccia 
(No. 1123)is a highly porphyritic rock with phenocrysts of plagio- 

clase, now albite, with a large amount of caleite, a little perfectly 

* 

fresh augite, and a few large grains of magnetite lying in a 
grout id mass of very finely trachytic felspar, dotted with magnetite 
dust and eontaining a very little interstitial quartz. Finely divided 
calcite is also distributed in cloudy masses throughout the rock, 
which has evidently hecu greatly alfected by carbonating solutions. 
No. 1413, from near the head of Bog Hole Gully, indicates the most 
felBpathic member of the group of ferruginous keratophyres, 
recalling the features of the brecciated keratophyres from Hyde’s 
Creek (No.1296, described in an earlier paper; 5, p. 151), though 
the nodular structure is not so well developed. It comes from 
near the southern end of the eastern mass of keratophyre. The 
more ferruginous types of this series are considered below. 

Quartz-keratophyres are more numerous. Some, such as No. 
1434 from the mass of keratophyre oast of Black Jack, contain 
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small phenocrysts of albite in a l»se of not very fine grainsizo. 
TLls is spongy m texture, consisting of lutlw of albite, with a small 
amount of magnetite-dust; rut her larger, well formed laths lie in 
the mass of inicrolitus, together with large grains of quartz often 
with clmlcedomc margin*. Exactly similar rocks ha\e been 
described from Pipeclay Creek, a mile and a half further to the 
south-east along the same band of rock (8, pp.l55-G), Another 
type of ijuartz-keralophyrc occurs in the creek in the Water 
lleserve between Portions 5] and .Vi. This is exemplified by 
specimens Nos. 1388 and 1121. The former contains quartz, form¬ 
ing a general groundmass, in which are laths of albite with a 
general trachyUc arrangement, sometimes less abundant than the 
quartz, but generally more so. Scattered about is chlorite (replac¬ 
ing augite), and crystals of magnetite. Lilies of shearing traverse 
the rock, and the magnetite is often congregated in these. 

Ah a final example of siliceous keratophyres, we may instance 
No. 1404, from the extreme southern end of the eastern mass of 
keratophyre. This is a very fine-grained rock, crushed slightly 
and intersected by veins of quartz, often very narrow. The ground- 
mass consists of irregular patches of minutely granular, untwiuucd 
grains of felspar, in winch are embedded innumerable minute laths 
of acid plagioclnse with a more or less truehytie arrangement; 
between these is a small amount of finely divided magnetite-dust, 
and small irregular grains of quartz occur among this. There are 
phenocrysts of albite, and a few irregular patches of chlorite. The 
magnetite also occurs in the lines of crushing, being evidently 
introduced secondarily. 

The magnetite-keratophyrcH may be subdhided into those which 
contain quartz, and those which do not. We will consider the latter 
first. Near the head of Bog Hole Creek, in the south-eastern end 
of Portion 37, is a small mass of luematitic iron-ore, and by it is a 
very hsmatitic keratophyre (No. 1427), which consists of fine¬ 
grained, trachytic albite-laths, with small phenocryst-laths 0*5 mm. 
in length, densely impregnated with more or less oxidised mag¬ 
netite. The rocks contain angular patches of trachytic kerato¬ 
phyre, almost free from iron-ore. The latter is aggregated in the 
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riaeks. Analogous spun mens on-ur clscvv lie re, generally not so 
oxidised. 

The complex ol magilelile-kenilophyres at the head oi Hog Hole 
Gully, contains the same variety of rocks os does tlmt near Hyde’s 
Creek, previously descriljed (5, pp. 130-134). .Nodular kerato- 
phyres occur (No. 1*110), in winch the rock i* made up of frog- 
rnenlh of truchytic keratophyre, \ciy oimched m magnetite in the 
centre ol* each fragment, hut lree from it at the margin Between 
the fragments aits strings of inure coarsely crystalline keratophyre 
and eulcite, apparently introduced at (lie same tune ns the second¬ 
ary magnetite, ».#»., during or ininiediatcJy after the brecciution. 
The calcite is thus to be considered as derived from the magmatic 
solutions. In another example (No. 1420), the magnetite-kerato- 
phyre is aniygdaloidal, the vesicles containing calcite or quartz, and 
deep green epidote, and occaHionally large grains of magnetite. 
The magnetite is rather unevenly distributed, but, in the irregu¬ 
larly bounded regions in which there is very little finely divided 
magnetite, there is a roughly proportional amount of large ragged 
aggregates of magnetite, sometimes surrounded by calcite, and in 
particular, the magnetite is aggregated into crevices and around 
the vesicles as described from Macllveen’s complex (8, p.GOU). 
Associated with this same complex, m the quartz-bearing kerato¬ 
phyre very poor m mugnetite (No. 1113) described above. 

The Quartz-magnelilc-keraiopInfrcH are of several types. The 
most common is exemplified by specimens from the Water 
Reserve, between Portions 51 and 32, by one (No. 1417) from 
near the Jasper Knob in Portion 55, and by No. 1401, in Portions 
35, 30. All these rocks are vesicular, the vesicles being lillcd 
usually with quartz and chalcedony, together with a little epidote 
and occasionally felspar. Rarely, they are filled with chlorite and 
quartz. The groundmass of the rock consists of a spongy mass ol! 
laths of acid plagioclasc with interstitial quartz, dotted with 
minute crystals of magnetite. The phenocrysta are albite some¬ 
times undergoing replacement by quartz, magtfetite, rarely augite 
(No. 1401). A frequent feature occurs around the margin of the 
vesicles or in large irregular cracks. The spongy texture of the 
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groundmass here becomes exceedingly minute in graiusize, and 
\cry dark with finely divided magnetite. The groundmass is a 
luusuic of minute interlocking grains of quartz, if felspar be 
present, it is entirely uutwinned, and the abundance of the mag¬ 
netite prevents its recognition by the bright-line method. The 
distribution of lath-shaped areas in the rock free from magnetite, 
which were doubtless originally felspar, indicates a gene ml poorly 
developed trachytic structure. Large aims rich in magnetite 
appear to replace pyroxene-phenocrysts, and, in addition, there 
are abundant phenocrysts of albite. This rock is possibly an 
altered iorrn of an augite-porphyrite. 

The group of the tiiluified-Nodular or Blotched Kerutvphyres 
comprises a series of very remarkable rocks occurring in the 
southern end of the eastern zone of keratophyre. In hand-speci¬ 
men, they are very fine-grained or aphanitic green nicks with 
masses of silica, weathering out into beads set irregularly or in 
long rows as in spheruhtic rhyolite, or covering the whole surface 
of the rock with a network-pattern of cracks weathered out between 
more resistant silicified patches. Microscopically, the rock, in its 
unaltered state, would be classed among the more basic pyroxenic 
keratophyres. It 1ms a trachytic base of small laths of acid felspar, 
with an abundance of chlorite pseudomorplis after granular augite, 
and scattered small grains of magnetite. In this base are pheno- 
crysts of albite, sometimes arranged in groups (the glotneru- 
porphyritio structure), a few irregular masses of chlorite, which 
possibly represent original pyroxene-phenocrysts, and some small 
phenocrysts or aggregates of magnetite. Well defined prisms of 
apatite often appear in the vicinity of the phenocrysts. The 
resistant portions of the rock prove to be rounded or irregular 
regions in which the pyroxene has been completely removed, and 
the felspar-laths remain apparently unaltered, lying in a matrix of 
quartz which is in optical continuity over an irregularly bounded 
area. Each resistant region or “pseudospherulite” may consist of 
several such areas of quartz. Where the rock is traversed by a 
small vein of quartz cutting through one of these replacement- 
areas, the quart 2 in the matrix of the rock, on either side of the 
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vein, will often be in optical continuity with that in the vein. 
Sometimes, the rock contains only a few of such replacenient- 
areas No. 1408), which are generally rather sharply bounded, 

but, in other specimens, the whole of the grouiidniass is replaced 
(No. 1425), and very little indeed of the coloured constituents 
remain. 

in addition to these veins of quartz, there are occasionally (c.#., 
in No. 1380) to be found veins loss than 05 nun. in diameter, which 
consist of a fine-grained mosaic of water-clear aibite, which may be 
associated with a little calcite. 

The brer dated keratopht/res vv Inch occur along the eastern mar¬ 
gin of the eastern koratophyre zone, have already been sutllciently 
described (see p.344). 

No further remarks need be added to the description of the 
Devonian pyroclastic rocks given in previous pupers. A number 
of peculiar forms of alteration of the rock-fragments m the 
Nemingha Red Breccia have been noted, but the general conditions 
Attending the development of that formation are now sufficiently 
well established, and these details are merely confirmatory. 

Notes on the Loomukuau Fohsieh. 

As pointed out above, the fauna of the Loomberah limestone has 
been found by Mr. W. X. Dun to contain u number of new and 
interesting forms, concerning which he has kindly contributed the 
following valuable notes, and to these ait) added further remarks 
by the present author, which are placed between brackets:— 

“This limestone is, in most eases, of detrital origin, uml, especi¬ 
ally in the case of the Rugose Corals, the preservation is so unsatis¬ 
factory that, although many of the forms are new, the specimens 
are so imperfect, that it is impossible to obtain sufficient evidence 
to moke the diagnosis proper to a new species/’ 

“Zaphrentin, sp. hid.--One specimen. The transverse section 
shows fil septa, with a dense pseudocolumella, and limited stereo¬ 
plasma. (See Plate xxxv., fig.6.) The longitudinal section shows 
very irregularly placed tabul® strongly concave.” 

"Zaphrmtis, (1)sp.—A single specimen of a very interesting 
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Zaphreutoid rural. 11 is .simple 1 , with a diameter of 13 mm. There 
are 38 aeptn, with thick septal w^alls. The costae are very pro¬ 
nounced, projecting for alioiit *J mm 'Hie liases of the septa are 
thick tor a limited distance, the greater extent being free from 
stereoplasiHii, flucluate, and not (pule reaching to Hie centre. This 
is a most distinct form, and may constitute a new Niihgenus of 
Zaphrentis, but the materiul available is t(K) limited to enable a 
satisfactory diagnosis to lie drawn up.” (See 1‘lute xxxiw, lig. 1, 
and Text-Hg. 3.) 



Text-tig. 3. 

TiariHverHC and oblique sect ions of Zaphrentis 8|>.uuv.(?Bubgcu.iiov.), ( x 4), 
Loom Wall Limes tone. 

“GyafJiophylfum, sp.ind.—A large, simple typo, tho transverse 
section only being available. Diameter, 16-5 ram. The septa have 
limited stereo plasma, and there are 58, comprised in two cycles. 
The*sliorter septa are irregular in length, and frequently anasto- 
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mofle with the primaries. The dissepimentnl structures aiv limited 
in number and irregular (*?* Te\t-tig.4). There is no Australian 
Cyuthophylloid of this type hitherto described. The spmfic 
characters aiv the sparse de¬ 
velopment of dissepiinent-a) 
tissue, the steroplasniic layer 
on all septa being developed 
to a rather abnormal extent.’* 


“Sponyophy/htm , (?) ftp. now 
An aberrant type of Span 
(fopht/fftnn , in which the 
structure of the* corallito-wall 
is masked, its place being 
taken by dense vesicular tis¬ 
sue. (Hee PI. xxx\figs.2 and 



H) MilmnHr* 


Toxt-flg.4. 

rnutMmw Roctionof Gyuihoplujllnm up. 
:l, and T1k« septa llov „ (xg)< TjlM)ln | M , ril | l Li„, wt xmc*. 

are more* persistent than in 

other Australian Hponguphyllmds, and, in most eases, spring from 
the rep 1 acts 1 wall, there being a space of nUiut f>nun. of vesicular 
tissue separnting the septal ends ot ml joining corn Ilites. Dissepi- 
mental tissues are dense, and the vesicles are small. The septa in 
the central area are 24-HO in tiumhcr. To the naked eye, tins 
remarkable coral has the general appearance of a PhiflvpsaHtnm 
hut, under the lens, the septa are seen to be non-con fluent. The 
absence of a true wall may not necessarily separate it from the 
Kpnngophyllums, ns specimens of the typical S. hi partita from the 
Silurian of Yass, have, in some cases, a portion of the corallite- 
wnll undeveloped. It is even possible that this may represent a 
stage between Spotujopltyllum (sensu strieto), and Endophyllum 
| A recent statement by Dr. S. Smith appears to illustrate this 
remark ( 21 ) —"Among the Rugose colonial corals there are cer¬ 
tain genera, or certain species within a genus, in which the coral- 
lites have lost their epitheca, and are united by their dissepimental 
tissue. The septa of adjacent eorallites in the astr©iform colony 
tend to become confluent, but all stages of this development, from 
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that in which it it* incipient to that of perfect confluence, are to he 
found. In some eases, on the other hand, the septa of one corallite 
do not extend to those of another, and leave an intervening spare 



Text-fig. A. 

Transverse Motion of jSpon gophylhm sp,nov., { x 4), Loomberah limestone. 

to the sole occupation of the dissepiments. Astrniform colonies 
make their appearance in widely divergent stocks, and at different 
periods of time; being, it would seem, the ultimate terms in a pro¬ 
gressive development along a well-defined line/’] 
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“Phillipmstma grand is, sp.nov.—A very large ty|)eof Phillip - 
frafl/rrm, the centre of the cnrallitcs lw*ing 2cm. apart” (2\5, 1 *7, 
and 1 ‘6 cm. in three adjacent corallites in tlie specimen illus' 
tinted m Plate xxxv. f figs. 4 and “The septa are variable in 
length and nrnnber; there arc 23-28 of the longer, and the shorter 
reach to the limit of the central area. This species is quite distinct 
from any of the Australian forms 1 have seen, and no closely allied 
species from extra-Australian regions are known to me.” [There 
is a species, l\ gif fas, occurring in the Lower and Upper Middle 
Devonian beds of North America, Onondaga and Hamilton Meries, 
m which the centres of adjacent coralhtes are more than 2 cm. 
apart ( 22 ); hut further details concerning this form arc not avail- 
able here. P. rerupnilii t which was recognised by DeKoninck(B) 
in a specimen obtained by the Rev. \Y. B. Clarke, from Pope's 
Gully, near Hanging Rook, had from 28-32 septa, and the centres 
of the adjacent cornllites are 10-12 mm. apart. It is extremely 
prohnhle Hint this form came from a development of the Loom- 
hcndi limestone near the head of Cope's Creek, just outside the 
limits of the area mapped in date xxxiuj 

'‘Farositen gothIan diva" 

"Favosttps, sp. ind. (sp. now?)Transverst 1 sections of one 
specimen only are available. This form is distinct from any of the 
types of the Australian Devonian risks, and is remarkable for the 
very irregular form of tl\e corallites. (Sre Plate xxxv., flg.7). 
Additional material will probably prove it to be a new species.” 

[In addition to tbe forms recognised by Mr. Dun, mention may 
be made of a very interesting slide, which, unfortunately, has been 
mislaid, and cannot here be figured. It was cut from a form, 
apparently F . gothlandica, but in which the wide spacing of the 
tnbulfe was replaced for a distance of about fi mm., by closely 
packed tabulae, as near together as in F. multitabulata. Tlie 
change occurred quite sharply on one side, and more gradually on 
the other, and at the same level in adjacent coralKtes, as if brought 
out by a rapid change and slower reversion in tlie local conditions.] 

11 Plamnopora sp.—A single specimen of a small Platmopora is 
contained in the collection, ft is quite indeterminable specifi- 
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cally, though distinct from forms in the Nemingha limestone, and 
the Murrumbidgce beds.” 

[//eliofitPH ptYroHa. —This occurs in numerous large masses, the 
exact shape of which is not apparent. Measurements of the 
dimensions of the parts of the form agree exactly with those 
given by Mr. Ktheridgc for corals of this species in the limestone 
of Moon* Creek ( 28 ). 

Chwtrtn* HtelUjbrmi» % sp.nov., Chapman.—An account of this 
form is given in Mr. Chapman’s intomsting note in the second 
appendix to this paper. While he refers to the rarity with which 
it occurs out of the Carboniferous system, it is interesting to 
note that Dc Koninek remarks that the specimen of Campo - 
phy(favi ffpxuuHum received by him from Quadong was enveloped 
in a mass of some size of (Jlurteten <jotdfnm(\ 9, p.54)]. 

“The Htromatoporoids, which form the best index of the age 
of the Loomberah limestone, are well preserved. They are re¬ 
presented by the forms StrmnatojMi^Ua loomh^rpnm» y S. hnwon i, 
and Arfinortfromu amt rah, all new forms, and an indefinite sp^ies. 
The appearance of those is distinctly Devonian,'the forms closely 
resembling typically Middle Devonian Nfieeies. As has Ikjcii 
pointed out by Heinrich ( 24 ), the discrimination of the different 
species of Stromatopora is extremely difficult, and the filial test 
is the conventional use of measurements of the interlaininur 
spaces, and the spacing of pi Hare. Numerous averages of mea¬ 
surements have been taken in the case of Professor Benson's 
specimens, and it is thought that the erection of new species is 
justified.” [As will be seen from the photographs in Plates 
xxxvi., xxxvii., and xxxviii., all enlarged two and a half diame¬ 
ters, and from macroscopic examination, the following appear to 
he the characteristics of these species: 

Strotnatoporefla loombrrmmB. —The cronosteum is roughly hemi¬ 
spherical, sometimes reaching as much as 20 cm. in diameter. It 
is divided into concentric latilftimnae, about 3 mm. wide. The 
vertical section (Plate xxxvi.) shows that the laminae aie very 
definite and continuous, except for the occasional presence of 
crossing zooidal tubes, There are about sixteen laminae in the 
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space of a centimetre. They are connected by radial pillars, 
which extend peipendicularly across all the lamina* making up a 
latilarnina, and may continue even beyond these. These Pinal's 
also lie about sixteen in the space of a centimetre. Occasionally, 
there are Caunopora-tubrs, one of which (appearing in figure 8) 
is about 3 mm. in greatest diameter. A tangential section shows 
the presence of astrorhizie. 

Stnmatoporella henswn (Plate xxxvii.).—The shape of the 
ccenostoum cannot at present l>e stated. The latilaininie are less 
definitely marked than in the preceding species. The lamina* 
are so spaced that about fifty occur in a centimetre, while the 
radial pillars are also about the same distance apart. They con¬ 
tinue across several laminte, at times as many as thirty or forty. 
The narrow, tabulate, zooidal tubes also continue aoross as many 
as ten lamina*, but are difficult to distinguish from the ordinary 
interpillar spaces. Small astrorhisue are recognisable in the 
vertical section. The Caunopora-tubes are abundant, and have 
a diameter of about 0*5 mm., and show infundibulifonn tabula*. 
This form appears to be similar in some respects to Parallelopora 
cLtrtiiiytonrritti# (Carter), from the Middle Devonian of Devon¬ 
shire. 

Both these forms of Stromatoporplla show a more definite net¬ 
work, and more continuous radial pillars than the majority of 
the forms discussed by Nicholson (SB). 

The cttjnosteurn of S. loombei'entn* is unusually large, and its 
laminte and pillars are unusually far apart; in S. bemtoni, on the 
other hand, they appear to be closer together than is normal for 
the genus. In addition to the two forms mentioned, there is a 
large form apparently belonging to this genus, in which the pre¬ 
servation is less perfect. In this, the laminar and pillar-spacing 
is farther apart than in the case of & loomberensis, there being 
about ten laminte and nine pillars in the space of a centimetre. 
The pillars are apparently short. 

Actinostroma austral e (Plate xxxviii.) is characterised by well 
developed horizontal or slightly wavy laminae, with scarcely 
noticeable latilamination. The type-specimen is a flatfish frag- 
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ment, so that the form of the mmosteum is not ascertainable. 
There are thirty-eight laminae in the space of a centimetre, 
joined by pillars extending 001*088 as many as fifty lamina*, in 
some instances. The laminte and pillars together form a recti¬ 
linear mesh work. There are about thirty-five pillars in a centi¬ 
metre. No zooidal tubes are recognisable, but there are numer¬ 
ous Caunopora-tubes, about 0 a 2fi mm. in diameter, with infuti- 
dibuliform tabula*. This form is extremely like A . clathvat am 
Nich., and especially that variety of the species which occurs in 
the Middle Devonian rucks of Germany. This latter species has 
also Ikmjii recognised by Professor Nicholson in the Devonian 
rocks of Western Australia. Until the publication of his Mono¬ 
graph (25), it was usually considered to be Shttmatopura rottmt- 
Irica Goldfuss. The specimen here described as A. austral may 
come from the Ixxunberah limestone, but it is more probable that 
it was found in Portion 163 of the Parish of Neminghit, “ Heed If* s 
Freehold,” in the Nemingha limestone.] 
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EXPLANATION OF PLATES XXXI.-XXXVIIL 

Plate xxxi. 

Topographical Map of the Ixtombciah District. 

Plate xxxii. 

ideological Map of the Loombcrah District. 

Plate xxxiii. 

Pillow-lavas exposed in the road-cutting by the Loom be rah Bridge, eleven 
miles south-east of Tatnworth. 

Plate xxxiv. 

Fig.1,—Section of the Lnomberali Limestone, showing its fragmental 
oharaoter; and transverse sections of ZaphrtMtU % sp.nov., (? subgen. 
nov.), Z, Treptostomatous Bryozoans, B, valves of Ptntamems y P, 
and indeterminate fragments; ( x 3/2). 
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Fig.2.—Transverse section of SponffopJiyfhm, (?)Bp.nov., from the Loom- 
be rah Limestone; ( x 3/2). 

Fig.3. —Longitudinal Motion of &(?), sp.nov.; (x 3/2). 

Plate xxxv. 

Fig.4.—Approximately longitudinal section of l*hittijmntwa f/mw/ii, sp. 
nov., Dun; ( x 3/2); Loomberah Limestone. 

Fig.5.—Transverse section of /\ (puwli*, sp.nov,; ( x 3^2). 

Fig.O.—Transverse section of Zaphrenti*, sp.ind.; (x3/2); Loomberah 
Limestone. 

Fig.7.—Transverse section of Faimitw, sp.nov.; ( x3/2); Ijoomherah Lime* 
stone. 

Plate xxxvi. 

Fig.8.— Stromata/x>rellaloomUreiw*, sp.nov.. Dun; vertioalsection; ( x5/2). 

Fig.O.— 8 . Ioo9nlnreiuii* t transverse and partially tangential section showing 
astrorhizce; (x 5/2), 

Both from the Loomberah Limestone. 

Plate xxxvii. 

Figs. 10-11 .—'Strovnafoporella 6en*o»i, sp.nov., Dun; transverse sections 
showing Caunopora-tubes; ( x 5/2). 

Plate xxxviii. 

Fig, 12 .—Actinortromi amtrale , sp.nov., Dun; transverse and partially 
tangential section showing Caunopora-tubes; ( x 3/2). 

Fig, 18.— A* anatrvde, vertioal section; ( x 5/2). Probably from the Nerain- 
gha Limestone. 
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Appendix i. 

Devonian Fohaminifkra ; Tam worth District, New South 

Wales. 

By Fredk. Chapman, A.L.S., F.R.M.8., Palaeontologist to the 
National Museum, Melbourne. 

(Plates xxxix.-xli.) 

Introduction. 

At the request of Dr. W. N. Benson, B.A , F.G.S., I am giving 
the details of for&miniferal evidence which I noticed whilst 
examining some micro-sections of limestone from the Nemingha 
horizon of the Tamworth Series The method of studying fora- 
minifera from rock-slices, without accompanying specimens show¬ 
ing the exterior of the test, is not entirely satisfactory, hut the 
fact that these organisms arc of Devonian age is, in itself, of 
sufficient importance to merit a record of the occurrence, fora- 
minifera being extremely rare in Devonian faunas. 

The Rock-structure and its Stratiyraphical Association. 

The foraminifera under notice occur in a well-developed oolitic 
limestone in which granules form a little more than half the 
bulk of the rock. The granules vary in diameter from 0*46 to 
0*7 min., and only a small proportion are entirely due to oolitic 
accretion; whether originally of algal origin or not it is impos¬ 
sible to say, on account of their present mineralised condition. 
The nucleus of the oolite-grain in more than one case was seen 
to consist of an ossicle of a crinoid. The majority of the grains, 
however, are microgranulitic in structure, either in the nucleus, 
or more rarely throughout the entire granule. Certain of these, 
from their more irregular outline, and often without an external 
coat of oonoentrio oolitic deposit, led me to suspect their fora- 
miniferal relationship, which conclusion is borne out by further 
study of the specimens. Some of the perfectly spherical grains 

28 
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are, I feel convinced, of a radiolarian nature, and here and there 
one can detect a central sphere. There is a fair amount of iron- 
staining in the rock-structure, which seems to be entirely 
secondary, as the stain is developed more strongly along incipient 
fracture-lines than in the grains themselves. 

From Dr. Benson’s work on the rocks of the Tavnworth Dis¬ 
trict/ it is seen that the Nemingha horizon can be correlated 
with the lower part of the Middle Devonian. 

Previous Records of Devonian Foraminifma. 

In turning to consider the occurrence of foraminifera in other 
parts of the world, we find only one authentic record of these 
minute fossils, viz., that of Terquem’s, who figured and described 
a few forms from the Middle Devonian of Paffrath in the Eifeht 
On p.417 of Terquem’s note, he states that the foraminifera were 
found in some sand contained in a J/eya/ocfou-shell. They were 
in the condition of c&Bts. Tho material was probably referable 
to foraminifera and ostracoda, but generally indeterminable. 
Some spheres covered with thick and sharply pointed spines lie 
referred to Or bn Una. These were very common, ami measured 
0-48 mm. in diameter A pyriform cast was referred to Layenu- 
lina (a subgenus of Lagena). A cristellarian was also noticed 
by Terquem, presenting the arrangement of chambers seen in 
CrisUllaria vetusta from the Lias. A fusiform cast was com¬ 
pared to Fusulina ; and numerous globular casts, consisting of 
two or three chambers, were identified as Olobigeriim . Judging 
from my own observations of radiolarian structures in the 
Devonian of Silesia and Bavaria, I am inclined to think that 
Terquem's prickly Orbulinee may have more than a fancied re¬ 
lationship to the orbicular radiolarians. In connection with the 
present work, I have recently examined some disintegrated lime¬ 
stone from Paffrath, from shells in the National Museum, and 

* "The Geology and Petrology of the Great Serpentine Belt of New 
South Wales. Party, The Geology of the Tamworth Distriofc.” Proo. 
Linn. 800 . N. S. Wales, 1915, Vol. xl., Pt.3, pp.540-624, Pis. xlix.-lviii. 

t Terquem, 0.—"Observation sur quelques fossiles des epoquee pri* 
maim.” Bull. Boo. Geol. France, «er, 8 » Vol. vili„ 1880, pp.414 418, 
PI. xi. 
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have succeeded in finding a small but representative series of 
forarninifera, radiolaria, and ostracoda which 1 hope to describe 
shortly. 

The only other allusion to Devonian forarninifera that I have 
so far come across, is that by E Wcthered, in his paper on the 
limestones of South Devon * In speaking of the organic con¬ 
stituents of the Goniatite limestone (Upper Devonian) from a 
quarry at Whiteway Farm, near Chudleigh, Mr. Wethered says 
—“The specimens collected as typical of this limestone show it to 
be quite different in structure from the beds below. There is a 
fine crystalline ground mass in which arc several fragmentary 
remains of organisms. One of these appears to be a foraminifer, 
and it is especially interesting as being the only one found in 
my slides of the South Devon limestones. The Goniatite lime¬ 
stone seems to have been formed by an accumulation of small 
shells, forarninifera, etc., which have l>een filled in with a fine 
calcareous mud.*’ Wethered docs not, however, refer the fora- 
minifur he saw to any particular genus. 

Dw.rlptton ofthr Forarninifera. 

Fain. AHTKOHHIZ1DAS. 

Kuhtain. KACCAM MINING. 

Genus P k v m m o h p n it a Schulze. 

PflAMMospH.ttm NKMiNtiUBNsiH, n.sp. (Plates xxxi\ , figs. 1-2; 
xl, tig. 10; xli., figs.11-12). 

Description. — Test rudely spherical to elongate flask shape. 
Wall composed of granular particles neatly fitted together, form¬ 
ing one or two layers, and distinct from the large crystalline 
grains of the matrix more or less completely infilling the cavity 
of the test. Apertures apparently between the components of 
the test-wall or, inoro rarely, as a slight protuberance on the 
surface. 

Diameter, circ. 0*4 to 0'75 min. 

Observation# -The above form has a certain resemblance to 

* “On the Microscopic Structure and Residues Insoluble in Hydro- 
chlorio Acid in the Devonian Limestones of South Devon." Quart. Journ. 
(tool. Soc., Vol. xlviii., 18U2, pp,377-387. * 
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Saccammina , but it never has the orifice so strQngly protuberant. 
Psammosphma , as a genus, has not been found in fossil deposits 
older than the Jurassic, from which system Dr Haeusler* has 
recorded the living species /\ fu*ca Schulze The present 
species is less than half the size of the Jurassic and recent forms. 

P. neminghensis is by far the commonest foraminifer in the 
Nemingha limestone, representing about 90 per cent, of the 
entire foraminiferal remains 

Fam. TEXTULARIIDjE. 

Genus Valvuuna d’Orbigny. 

Valvulina plicata, Brady. (Plate xxxix., flgs,3, 4). 

Valvulina plicata Brody, 1873, Mem. Geol. Hurv. Scotland, 
Expl. Sheet 23, pp.fi6, 95, etc.; Idem, Pal. Soc. Mon., Vo), xxx., 
1876, p.88, PI. iv , figs. 10, 11. Chapman, 1907, “Notes on 
Fossils from the Collie Coal-field,” Bull. Geol. Surv. W. Austr., 
No.27, p.16, PI. ii., figs.lOa-c. 

Observations. -Several specimens occur in the microscope- 
slides, which compare closely with Brady’s species from the 
Lower and Upper Carboniferous Limestone of England &ud 
Scotland, as well as in the Fusulina -beds (Carboniferous) of Iowa, 
U.8.A. The writer has described a diminutive specimen of the 
above species from the Carbopermian Sandstone associated with 
Glossopteris leaves from Collie, W. Australia. 

An example occurs in one of the slides, which indicates a 
plastogamic union of two individuals, as frequently seen in Di$- 
corbina, Vaginulina^ and other genera. 

Valvulina bulloidks Brady. (Plate xxxix., figs.5, 6, 7). 

Valvulina bnlloides Brady, 1876, Pal. Soc. Mon., Vol. xxx , 
p.89, PI. iv., figs.]2* 16. Chapman and Howchiu, 1905, “Mon. 
Foram. Permo-Carboniferous Limestones of N. S. Wales,” Mem. 
Geol Surv. N. 8. Wales, Pal., No.14, p.13, PI. i., tigs.9o-c. 

Observations. -This species closely resembles a high and tumid 
Olobigerina t but is easily distinguished by the open umbilical 
cavity on the lower surface, and the valvuline aperture. 

* Quart Jouru. Ueol. Soo,, Vol. xxxix., 1883, p.‘26, PL ii., fig.l. 
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V. bulloides was previously confined to the Carboniferous and 
Carbopermian. Dr. H. R. Brady records from the Fnmlina -beds 
of the Upper Coal-Measures of North America, the Calcairc de 
Naiuur of Belgium, and the Fusulina-Limestonc of Miatschkoio, 
near Moscow. The same species was described by Mr. Howchin 
and the writer from the Carbopermian limestone (Branxton Stage 
of the Upper Marine Series), of Wollongong, N, S. Wales 

Not uncommon in the Nemingha Limestone. 

Valvulina oblonha, sp.nov. (Plate xl. f fig.8). 

Description .—Several examples of an elongated \alvuline type 
occur in the slides. They remind one of a short, stout liaplo- 
phragmtum , or the fMuola nautiloicka Lam., figured by Dr. Brady 
from the Carboniferous of Northumberland,* but show the de¬ 
pressed base and characteristic aperture of these Devonian and 
Carboniferous modifications of Valvulina. 

The longer diameter of a fairly complete specimen in section 
is 1 mm.; the shorter diameter, Q^f) aim. 

PULVINULINA BKNHONI, Sp.llUV. (Plato xh, fig.9). 

Description .—This species differs from the majority of the tesL- 
sectious in the micro-slides of the Nemingha limestone in having 
a finely granulate shell-wall, which may, at one time, have been 
of hyaline structure. The section figured shows a certain amount 
of depth, although sliced, and indicates a pulvinuline type of 
shell with few, lobulate chambers, and a wavy, peripheral margin. 
It was probably depressed on the superior face, and slightly 
conoidal on the inferior. 

The nearest Palaeozoic form to this seems to lie F. brorckijana 
Jirady,t from the Carlton iferous Limestone of Namur, Belgium, 
but differs essentially in its rouuder outline and less inflated 
chambers. It belongs to the Puhinulina cteyans group, and, 
from its size and contour, indicates a shallow-water variant of 
that type of shell. 


* Pal. 800 . Mon., Vol. xxx., 1878, p.83, PI. viii., figs.7a, ft. 
t Pal. 800 . Mon., Vol. xxx., 1878, p.140, PI. vi., figalito-t'. 
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Summary . 

The components of the Nemingha limestone appear to be 
largely foraminiferal, comprising, so far as the evidence from 
microscope rock-sections shows, an abundant species of Ptammo- 
sphatra — P. nAminyk&nitis; and the following more or less sparsely 
represented— Valvnhna plicala Brady. V. bn?hides Brady, and 
V . oblonya , sp.nov,; whilst Pnlviwulina appears to be present in 
P. bensoni , sp.nov. 

The genus Psammosphara is more at home in deep rather than 
in shallow water, though it has been found in depths as little as 
45 fathoms. The other genera indicate a fairly shallow-water 
habitat. 

One special point of interest stands out conspicuously in the 
foraminifera of this limestone, viz., the rather strong resemblance 
of the rare Devonian foraminiferal fauna to the Carboniferous 
and higher beds of the Palwozoic. 

Radiolaria seem to form a considerable proportion of the 
granules in the Nemingha limestone, but their* mineralised con- 
ditiou precludes any reference to definite genera. 

As regards the probable depth at which the rock was formed, 
one might reasonably assume it to be of moderately deep water 
origin from the occurrence of /*summonphma and the radiola 
rians. On the other hand, oolitic grains are indicative of quite 
shallow-water areas, though this latter constituent is by no means 
predominant, and may not materially affect the above conclusion. 
The genera) condition of deposition must have lieeii such as 
would obtain in a moderately deep inland gulf with quiet sedi¬ 
mentation and accumulation of ooze-forming organisms; and it 
is just possible that the oolite-grains may have beou blown into 
the area of deposition trorn dunes of shore-sand origin in the 
vicinity. 

In conclusion, J would tender my sincere thanks to Dr. Benson 
for giving me the opportunity of examining this interesting lime¬ 
stone, and facilitating this attempt to describe a unique faunula 
by furnishing the microscope-preparations. 
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EXPLANATION OF PLATES XXXIX. XU 

Plate xxxix* 

Fig.l. ~P*ammo*phiti'tt ap.nuv, Sootion through test show¬ 

ing shell-wall and introverted aperture, 

Fig.2,—/'. vennHtfhniMi\ sp.nov. Section showing interior thickened with 
secondary ealcitin deposit. 

Fig.3,- Vnimhm jtficata Brady. Section through and a little above the 
I Mine 

Fig.4.— T. jiticata Brady. Two teds, probably in plastngaimu union. 

Fig. 5 — V IniftoidcM Brady, Flattened and almost complete test, 

Fig,0, - V. buffotde* Brady. Median sect ion. 

Fig 7.—* T. Mloidt h Brady. Nearly complete test. 

All figures magnified 52 duiniK. 

Plate xl, 

Fig.8.— Vufndtnn oA/owf/o, up.now Basal section; (* 52). 

F,^,S».— t'utvinuhiia hfn«vni t Hp.nm. Alnmst complete test; ( x 52). 

Fig. 10—Section through /UwunoMfihinu HtmiNtthaw*, showing relative 
thickness of test; ( x 144). 

Plate xli. 

Fig. 11. —Sectionot Ncnungha limestone with oolite-grains, Pmuntno*phi*m, 
and ( v )nuholarian; l x 28). 

Fig. 12.—Ditto, with uolite-granm and l**ammo*plnn'a; t x28). 
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Appendix ii. 

Noth on a nkw Hpkcikh of Chjstetks. 

Bv Fkkdk. Chapman, A.L.S., F.R.M.S., Paleontologist to the 
‘ National Museum, Melbourne. 

(Plate xlii.) 

Introduction. 

The genus ChrrUtet, founded by Fischer in 1837/ is almost 
entirely confined to the Carboniferous. Nicholson, in his 
11 Tabulate Corals of the Palaeozoic Period, M t says “The species 
of Chirtctes as here defined, are not known to occur out of the 
Carboniferous (and possibly the Devonian) rocks/' but he does 
not specify any occurrence from the latter system. Zittcl states 
that the genus is also found in the Lias and Upper Jurassic. { 

It is, therefore, deeply interesting to find An Australian species 
of the G\ radianB type in the Loomlierah Limestone,§ which, if 
Dr. Benson’s final conclusions bear out his preliminary investi¬ 
gations, lielongs to the upper part of the Middle Devonian. The 
peculiar habit of the corallites in this genus, in showing partial 
fission of some of the calices by imperfect partitions which are 
tooth-like projections in horizontal section, is well shown in the 
present species. Further, it is important to note that our species 
shows the presence of a dark line in the septal wall, notwith¬ 
standing its supposed absence from that of C. rocttan*.|l 

# Oryofc, de Gouv. de Moscou, p.159. 
t London, 1879, p.266. 

% See Zittel, Trait* de Poleontologie, 1883, Vol. i. t Pt. i., p.0*23. Also 
Eastman-Zittel, Text-book of Paleontology, Vol. i., 1913, p.118. 
g See Proo. Linn. Soo. N. 8. Wales, 1913, xL, Pt.3, pp.346, 549, and 559. 

11 Kastman-Zittel says {op. rit., pp. 117) — “ Walla thoroughly amalga¬ 
mated, common to adjacent oorallites.” Nicholson (op. tit p.263) says 
“ Rough fractures (generally, but not always) expos© the interior of the 
tubes; and thin sections, whether transverse or longitudinal, show that 
the walls of contiguous corallites are entirely and undistinguishably amal¬ 
gamated or fused with one another, the originally duplex character of the 
partition between neighbouring oorallites being in no case recognisable/ 1 
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Chatktks STKLMP0KMI8, sp.nov. (Plate xlii., figh.1-3). 

Description .—Coral 1 um massive, moderately large. Coral)iteN 
crowded, slender, and gently curved. In cross-section roundly 
polygonal and occasionally elongated, averaging about 0*5 mm. 
in diameter; with one to four, but generally three, blunt peg- 
like teeth projecting into the cavity, representing imperfect 
fission of the calices by longitudinal partitions on the calicular 
wall Tabula 1 well developed, from 0*5 mm. to 1*5 mm. apart, 
sometimes in continuous planes across the corallum, but often 
more irregular and strongly curved. Unlike other species of 
ChftJeles, a fine but distinct dark line is seen dividing the walls 
of the cells (see remarks anted). 

Observations.— This coral is of the type of the abundantly dis¬ 
tributed Chatletes radians Fischer, from the Lower Carboniferous 
of Itussia, England, and elsewhere,* but is distinct in many 
points, as in the more roundly polygonal calicos, the more 
numerous longitudinal partitions appearing as projecting tooth¬ 
like processes in cross-section, and in the strong fusion-points 
where calice-wall and tabulee meet. Tn longitudinal section, this 
latter feature is very marked, and, at the point of junction, forms 
a stout cross with pointed arms. 

Chatete* depressns, Fleming sp.,t is characterised by much 
smaller calices, measuring 0*2 mm. to 0*26 nun., or about 
one-half the diameter of C. sfelli/ormis . The diameter* of the 
calices in C\ radians , on the other hand, is practically the same 
as that in C . sUlliformis , viz., about 0*5 mm. In the excellent 
figures of C. radians given by Dr. Nicholson in his u Tabulate 
Corals,those of the Russian Carboniferous specimens show a 
much thicker calicular wall than in V. stelliformis , whilst the 

* Oryot, do Uouv. do Mosoou, 1837, p.160. Pi. xxxvi., flg.6. 8ee also 
Lonsdale, in Murchison, Verneuil and Keyserling, (leol. Russia in 
Europe, Vol. i., 1845, p.505, PI. A, fig. 9. 

f FavosiUs depresses Fleming, Brit. Anim., 1828, p.529. F. capillar U 
John Phillips, Geol. Yorkshire, 2nd Pt., 1836, p.200, PI. iii., figs.3-5. 
AlvtolUes deprtssa Fleming sp., Edwards and Haime, Mon, Brit. Foss. 
Corah, Pt. iii.; Mon. Pal. 8oo„ 1852, p.158, PI. xlv., figs.4, 4a. 

t Supra cits, PI. xii., figs.4, 4a-d. 
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tabulae are remarkably regular and horizontal, as distinguished 
from the irregular and strongly curved tabulae in the Australian 
Devonian species. On the same Plate, Nicholson has figured 
(fig. 4c,<i) sections of a coral from the Carboniferous of Shap, 
Westmoreland, which he refers to C. radians, and which ap¬ 
proaches the Australian species in its thin walls and more con¬ 
spicuous projections. 

EXPLANATION OF PLATE XLII. 

Chatett* stdltformU, ttp.nov. 

Fig.l.— Exterior of fractured lurfaoe of specimen, showing small size of 
oorallites, their gently curved habit and interrupted platforms of 
tabulie; If nat. size. 

Fig.2.—Transverse section of oorallum, showing strong development of 
partitions and occasional fission of oorallites; (x 16), 

Fig.3.—Longitudinal seotion, showing complex nature of wall, curved 
tabula and longitudinal partitions; (x 16), 
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STUDIES IN AUSTRALIAN MEC OPT ERA. 

No. ii. Thk Wing-venation of Chorista australis Klug. 

By R. J. Tillyard, M.A., D.Sc., F.L.S., F.E.S., Linnkan 
Macleay Fellow of the Society in Zoology. 

(Plate xliii.; and four Text-figures). 

In collecting the evidence required for my work upon the 
Panorpoid Complex, it was found necessary to examine the pupal 
trachaation of examples of all the Orders there studied. The 
only Order in which this had not yet been done (for at least one 
example of the Order) was the Mecoptera; in which so little is 
known of the life-histories, that it appears that only two observers, 
Hrauer in Austria and Miyake in Japan, have ever succeeded 
in following up the complete life-history of any single species. 
Neither of these authors was seized with the importance of 
making a study of the pupal wing-tracheation, although it is 
evident that the opportunity was offered to both of them.* The 
work of both was carried out upon the genus Panorpa, which is 
abundant enough in the Northern Hemisphere, but does not 
occur in Australia. 

It was therefoi*e necessary for me to set about the discovery 
of the pupa of some Australian representative of the Order, The 
only Npecies that is at all common round Sydney is Harpobittacus 
tiUyardi Esb -Pet. But this belongs to a family that is, in many 
ways, the most highly specialised of all the Mecoptera; whereas, 
for ray purposes, it was clear that an archaic representative of 
the Order was to be preferi*ed. I therefore decided to follow up 
the life-history of the rare Chorista australis Klug, of which I 

* Brauer*s work was done long before the Comatook-Needham Theory of 
Venation saw the light. Miyake’s work is of recent date, but ita objective 
was not venattonal, and the pupal wings were not examined. 
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hod obtained only about seven specimens in the course of as 
many years. 

Last year, I had the good fortune to And this rare species 
fairly commonly, for the first time since L had begun collecting 
insects around Sydney (about fourteen years). More fortunately 
still, the area in which they occurred was a very restricted one, 
only about a quarter of a mile from my house at Hornsby. In 
this locality, T took, in the course of three weeks* collecting in 
April, 1917, nearly one hundred specimens of this species. 
Several of the females laid eggs, but unfortunately none of these 
wore fertile. I therefore watcher! carefully to see where the 
females appeared to bo ovipositing, and determined to select a 
small area where there would seem to he a probability of finding 
the larv® in February and March of this year. 

As nothing is known of the life-history of this species, I worked 
upon the supposition that its larva would behave much as that 
of Pantrrpa; i.e., that it would become rapidly full-fed, and then 
burrow into the ground and remain there for the greater part of 
the year, only pupating a week or two before the emergence of 
the imago. This supposition proved to be fairly correct. 
Digging and sifting of the soil in which the larva was expected 
to occur was begun in February and continued into March. The 
details of this arduous but interesting work are best left to be 
given in a full account of the life-history, which I hope to pub¬ 
lish later on. Meanwhile, it will be sufficient to say that, one 
day in March, freshly turned pup® were obtained, and that these 
were at once made use of for the purposes of this paper. 

Owing to the shape of the pupa, and the direction of the wing- 
sheaths, which are laid more parallel to the abdomen than is usual 
in pup®, it was not found practicable to use the method adopted 
previously in the case of Chrysopa . It was necessary to separate 
the wings from one another carefully, and to cut them off at their 
extreme bases with sharp scissors. As the wings are excessively 
delicate, this was not easy to do successfully. The photomicro¬ 
graphs obtained show how the delicate wingB became creased 
near their middles, in the endeavour to separate the glued ex- 
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tremitien; and also how, in the forewmg, a portion of the tat 
Imdy, lodged in the extreme base of the wing, got carried over 
on to the wing when the cover-slip was let down upon it. Apart 
from this, the results obtained were quite satisfactory. 

The Mecoptera are generally regarded as being an extremely 
archaic Order of Insects; and rightly so, for both in their general 
structure anil in their Paheontological record, the evidence tends 
to emphasise the fact that they are quite as old as any existing 
Holometabola, if not older. Within the Order, the genus 
Choriata is one of the most archaic types still oxtail*, and shows 
close relationship to forms found in the Permian. I was there¬ 
fore quite prepared, and indeed expectant, to find a very primi¬ 
tive and complete truehoational development in the pupal wings 
of this insect; and I was relying upon this to solve certain 
problems concerning the fusion of some of the main veins near 
the base of the wing, which cannot lie determined with certainty 
from the imaginal venation. But the result obtained was quite 
different from what was expected; and, if there is any truth ut 
all ill the Comstock-Needham Theory of Wing-Venation, we must 
regal'd Chontfa as a very highly socialised type in this one par¬ 
ticular, if not in any other. 

The facts of the case can be gathered very readily from a 
reference to the photomicrographs in Plate xliii., as well as the 
drawings in Text-fig. 1. There aw only two main trachea- enter- 
ing the winy-rudimmt. One of these lielongs to the eosto-radial 
group, and passes into the main stem of the radius. In the fore- 
' wing, after giving off a very short and slender branch to R lf it 
passes on along the radial sector. At the forking of Rs into 
lt» i a and R 4+5> it follows the upper branch, giving off a fairly 
strong branch-trachea along the lower. Arriving at the forking 
of Rj from R 4 , it bends weakly down into the latter, and does not 
reach the tip of the wing. The lower brunch of this trachea passes 
along U 44 5 into R fi , giving off a short branch to U 4 , and finally 
ends up by bending down into R 0h . In the liiudwing, there is 
only a minute veAtige of the branch into Rj. The main trachea 
passes on into Rs; arriving at the fork of the sector, it gives off 
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only a weak branch into R a+ s, and passes on into R 44 .fi. Branches 
of about equal strength are given off to both R 4 and R a . The 
former passes up along a cross-vein into R,, while the latter per¬ 
forms a similar evolution nearer to the apex of the wing, ending 
up in R 4 . 



Text’fig.l. 

Wings of a pupa of Ghorinta aiuttralia Klug, 9, freshly.turned; (x21). 
Semi-diagrammatic, the traolieation represented by continuous black 
lines, the imaginal venation by dotted lines; ft, the point at which 
Ou, meets a short cross*vein from M, eventually fusing with M in the 
imaginal venation: Aft t median trachea; radial trachea. For rest 
of lettering, m p.408, 

The second main trachea of the wing is of smaller calibre, and 
belongs to the cubito-anal group. It enters the wing-rudiment 
along the media. In the forewing, it is quite unbranched, and 
passes finally into M a in an almost straight line. In the hind¬ 
wing, it gives off short branches to the cubital fork and also to 
M 8H , and its distal end passes into a cross-vein below M„. 

A second pupa was examined and its wings photographed, but 
the negatives obtained were not very satisfactory. In this case, 
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the distal endings of some of the tracheie were different from those 
recorded above; the trachea in R a of the forewing passed 
down into R 4 vi k a cross-vein. The median trachea of the fore¬ 
wing also gave out a short branch to the cubital fork. 

Only two pupie were available for study. There can be little 
doubt that further minor variations would have been found had 
a longer senes of pupa) been examined. 

There is only one conclusion to be come to from this result. 
It is, that the Mecoptora, m exemplified by the archaic genus 
(Jhorista —and, therefore, presumably, by other existing genera— 
are highly specialised as an Order along the same lines that we 
find in the Hymenoptera, Trichoptera, and Diptera, vis., by the 
reduction of their wing-tracheatiou. The cause of this reduction 
is almost certainly the same in all four Orders, viz., that the 
trachero do not grow into the wing-rudiment until the latter has 
been fully formed, with the venational scheme completely laid 
down. In such a case, there is no longer any need for a trachea- 
tional scheme, to guide in the laying down of the venational 
scheme originally based upon it; the only necessity is to supply 
the wing with oxygen. Consequently, there will be a tendency 
to reduce the tracheal supply to the minimum necessary for this 
purpose; and, also, for the troche® to cease to follow their 
original paths, and to take instead the path of least resistance. 
Both these tendencies are well illustrated by the case here 
studiod. 

The same tendency, with many stages still preserved to us, has 
been noted already iu the Order Flectoptera; an Order which, 
curiously enough, approaches most closely to the Holometabola, 
in that it possesses, in its sub-imaginal stage, what appears to 
have been Nature’s first attempt to evolve a true nesting-stage or 
pupa. The pupa of the archaic Mecoptera closely resembles the 
imago in everything except the form of its mouth-parts and the 
non expansion of its wings. Thus it only differs from the sub¬ 
imago of the May-flies in being unable to fly, and in slightly less 
mobility of its free appendages. In the Order Flectoptera^ there 
are a number of genera known in which the remaining wing- 
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tracheae all come off from a single stem. This must be regarded 
us a higher specialisation than that found in the Mecoptera, or 
in any HolometubolouK Order. For, in all of these, it would 
appear that fin* is the minimum number of w ing-truchcie yet 
reached in the course of evolution, Lc. f one fumi each of the main 
tracheal groups. 

It is interesting to compare the courses of those two trachea* 
in the four llolonietabolous Onlew which show reduction. Of 
the four, the only one which retains the media intact and separate 
from the base onwards is the Mecoptera. In this Order, the 
trachea belonging to the cubito-anal group passes into the media, 
which is as far forward as it could possibly get. This shows 
clearly that, in the ancestral form of the Mecoptera, the median 
trachea had already become attached to the cubito-anal group, as 
it has in most Orders of Insects. In the Hymeuoptera, the media 
is suppressed in the imaginal venation, and only a liare vestige 
of its trachea is to be seen in a very ancient family, the SiricidUr, 
The principal trachea of the cubito-anal group passes along the 
cubitus, and may or may not be accompanied by a separate anal 
trachea below it. In the highest forms, this latter becomes fused 
with the cubital trachea; so that the condition of two trachea* 
only, in the wing-rudiment, is there fully reached. In the 
Trichoptera ami Diptora, in which the media is fused basally 
with either the radius or the cubitus for a greater or less dis¬ 
tance, the trachea of the cubito-anal group passes likewise along 
the cubitus. 

From a study of this character only, then, it is clear that the 
Mecoptera present a more archaic stage than that seen in the 
Trichoptera and Diptera; and hence there is 110 evidence here 
against the presumption that both these Orders are derived from 
the older Mecoptera, as Handlirsch supposed. The Hyinenoptero, 
on the other hand, cannot be derived from the Mecoptera, since 
they show a more archaic stage ill the Siricida* and some other 
families (where more than two trachea* are still present), even 
though they stand far in advance of the Mecoptera in having the 
media Eliminated from their venational scheme. 
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Turning now to the Orders Lepidoptera and Pl&nippnnia, \w 
see that both of these preserve the complete set of trachea 1 in the 
pupal wing. In this character, then, they arc both of them 
much more archaic than the Mccopleru and the other three 
Orders discussed above. It must l>e clear, therefore, on this 
character alone, that the Lepidoptera cannot he descended either 
from the Mecoplera, as Hundlirsch supposed, or from the Tri 
choptera, as Moyrick would have it. 

Let us now return to the question of the interpretation of the 
imaginal wing-venation in Uhorista. The trachcution having 
failed us, what other evidence have we to go upon in working 
this out? 

First of all, it may l>c stated that the main scheme of venation 
in C 'Jww/a, like that of the Triohoptora, is so primitive that 
there win be no hesitation in naming the veins, even though we 
cannot call upon the trachea* as evidence. The suljcosta, the 
radius, the radial sector with its dichotomous brandies, and the 
anal veins can all be named without any misgivings. It is only 
tlie media and cubitus that offer a difficult problem. By re¬ 
ferring to Text-fig. 1, it will lx* seen that the main stein of the 
media, in both fore- and hindwings, is continued straight on by 
a strongly convex vein right to the wing-border. All the rest 
of the media lies anteriorly to this. The media being properly 
a concave vein, it follows that there is at ohee a strong supposi¬ 
tion that this straight prolongation of the media is really Cu M 
and that the result has been brought alwut by a fusion of this 
latter vein, not far from its original ut the cubital fork, with the 
main stem of the media. 

If we examine the imaginal venation carefully, we shall see at 
once strong evidence in favour of this view. Picking up the 
base of the cubitus, which is a very weakly chitinised vein, and 
following it to the cubital fork we 866 t>hc apparent 

cross-vein from this point to the media may very well be the 
basal portion of Cu lf arching up to unite with the media at the 
point A, and then leaving it again as the straight, strong, convex 
vein in question. If that be so, then Cu g in the forewing is the 
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vein that continues the line of the stem of Cu; while, in the 
hindwing, it must fuse with 1A for a short distance, and then 
separate from it again towards the wing-margin. 

We must now ask for definite proof that this supposition is 
the correct one. That proof is forthcoming from two separate 
sources, viz., the pupal wing-venation, and the itnaginal wing- 
venation. We may take these two separately. 

(1) Evidence frtm the pupal iving-venation :—In the freshly 
turned pupa, less than one day old, the fusions of veins that take 
place in the imaginal venation are not completed, but only just 
beginning. (The photomicrographs in Plate xliii., are from a 
pupa at least three days old; those taken from a freshly turned 
pupa showed the separate veins much more distinctly, but unfor¬ 
tunately the negatives were partially spoilt through the use of 
stale developer, and are not good enough to reproduce). 



Text‘fig.2. 

Hagai part of hindwing of same pupa as in Text-fig. 1, (x 43), to show the 
radial (itt), and median {Mi) troche®, the approach of On, to M, and 
the partial fusion of Cti| with 1A. « 

Text-fig.2 shows a cainera-lucida drawing of the basal part of 
the hindwing of a freshly-turned pupa. In this, the separate 
veins Cu s and 1A can be dearly seen running alongside one 
another for some distance, and then diverging again towards the 
wing-margin. This fixes the position of ctf/'at the point already 
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selected. The upwardly arching branch above cnf is seen to In* 
connected with the media by a short crow-rein descending from 
the latter vein. Tn this pupal tracheation, then, the line of the 
median stem is not continued by Cu M but by the true media; it 
is only a rearrangement of the positions of these parts in the 
imaginal venation that brings Cu, into the position of continuing 
the line of M.* 

The ease for the forewing is still simpler. Hera there is no 
fusion of Cu a with 1A, and the parts of the cubitus can be seen 
to be quite separate from both M and 1 A. 

( 2 ) Evidnwe from the imagine?, venation •—The evidence that I 
propose to bringforward 
here is of quite a novel j< 

kind, and does not ap¬ 
pear to have been used 
hitherto in any research 
upon wing-venation; yet 
it is of the utmost value. 

Tn the wings of all 
Holometabolouslnsects, 
two kinds of hairs or 
setas are developed. 

These I have called ma- 

crotrichia and microtrx- Text-fig. 3. 

chid respectively.! The Part of the imaginal venation of the forewing 
former are, in most of Ohorista austral" Ktug, in the region of 
cases, restricted to the ouhital f ° rk £** «« «how distribution 
veins; the latter are 
spread indiscriminately, 
and much more abundantly, over the whole of the wing. In the 
Mecoptera, the macrotrichia are found upon all the main veins 
and their branches, but never upon the true croee-veins . Hence 



which Cm ) has fused with M; r, cross-veins. 


* Compare the somewhat analogous condition in the forewing of Myr* 
meltontid<* t where Ouu captures M t oloee to its origin. 

t “Metosoio bisects of Queensland, No.1.” These Proceedings, 1917, 
xlii., Part 1, p. 195. 
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we have, here, a fine criterion for determining whether any sup 
jHised cross-vein is really such, or not. 

IjcI us apply this to the Ijasal portion of Cu, f which, arching 
up in the imaginal wing-venation to meet M, might well bo mis¬ 
taken for a cross-vein. Front Text-fig. 3, wo see that all the 
cross-veins around it are destitute of inacrotricbiu. Mot so this 
vein, however; for it is seen to carry a series of closely set iniiero- 
triehia, which are continued along the rest of Cu,. 

Further, it will be seen that the macrotrichia developed upon 
the media are less in number than those upon the cubitus, for 
any given length; those upon the cubitus being about twice as 
numerous, hi this character also, the continuity of Cu t from 
cvf up to its fusion with M, and thence along the strong, com ex 
vein already mentioned, is dearly indicated. 

Putting the two sots of evidence together, there can be no 
doubt that the correct interpstation of the condition of the 
media and cubitus is that which is given in the Text-figures. 

Dewription. of the Wing~ Venal ion . (Text-fig. 4). 

Having solved the above problem, we can now name all parts 
of the wing-venation without any doubt whatever. The result 
is shown in Text-fig.4. It will be Keen that thu wing-venational 
type is essentially similar to that of the Lepidoptera, Trichoptem, 
and Dip tern, except for the fact that a considerable number of 
unttpecialised cross-veins are developed ns supports between the 
main veins. These cross-veins cannot lie regarded as part of 
the original veuation, since they do not carry inacrotricbiu, and 
are absent or very weakly devdopod in the oldest genera, both 
fossil and recent. 

The Snbemta (Sc) is a straight vein terminating about halfway 
along the costal margin in the hindwing, somewhat teyotid half¬ 
way in the forewing. In Choi'uflOj it gives off only a single 
cross-vein in the costal space, near the base (occasionally, as in 
Text-fig.4, a second near its distal end). This is the hoinologuc 
of the hnmrral wow-vein in Lepidoptera and Trichoptem, and is 
a true cross-vein, since it does not carry macrotrichia, 




Text-fig. 4. 

Imaginal venation of wings of Chorista australis Klug, with wing-pigmentation omitted; < x 7^). Letteiing as on p.-MW. 
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The Rodim ( R) is a strong convex vein branching at the 
radial fork (rf) into R, and R*. The main stem, R,, reaches 
the wing-margin well before the apex. Around its distal end is 
formed the pterostiyma (pt), a hardened membranous area 
Iniunded by the costal margin above and the pteroetiytnatic fumow 
(pt/) beneath. Within this area are sometimes developed one 
or more jtirroetiy matte vrinfrtx, which arc also parts of the 
original venation, not cross-veins, but true branches of R|, since 
they carry macrotrichia. The Radial. Sector (Re) has the typical 
dichotomous branching seen in the Trichoptera, giving rise, in 
each wing, to four brandies, R,, H„ K,, and R f respectively. 
The separation of R* from R, takes place far distad, under the 
pterostigma; that of R 4 from R 0 much further basad, not far 
from the first forking of Rs into R* +8 and R 4+ *. All these 
branches are connected and strengthened by a number of cross 
veins, whose position varies greatly in different individuals. 

The Media (M) resembles the radial sector in the manner of 
its biunching, as in Trichoptera; except that, in the forewing of 
Vhoruta ,, the most posterior of its four branches, M 4I divides 
into two parts, M* and M*. The cross-vein connecting M, near 
its base with Cu, carries no macrotrichia, and must, therefore,, 
be regarded as a true cross-vein, and not a br&nchlet from Cu,. 
Hence there is no evidence for the existence of the two branches 
of Cu,, which I have called Cu u and Cu lbl and which are to be 
found in the most archaic Lepidoptera and in the Planipennia, 
but not in the Trichoptera. 

The Cubitu* (Cu) is two-branched, as in Trichoptera. The 
anterior branch, Cu,, arches upwards to connect with M, and 
then continues the line of M to the wing-margin as a strong, 
convex vein. The posterior branch, Cu*, in the fore wing, simply 
continues the line of the main stem of Cu. In the bindwing, 
however, it fuses for some distance with 1 A, and then separates 
from it, and runs beneath Ou A to the wing-margin, at about half¬ 
way along the wing. 

Three Ana/ Vein* are developed in each wing. These remain 



BY R. J. TlfXYARD. 


407 


quite distinct throughout their courses, except for the fiartial 
fusion of 1 A with Cu a already mentioned in the hind wing. 

A number of cross-veins, irregularly placed and excessively 
variable in different individuals, are developed as supports 
between the branches of the media, the cubitus, and the anal 
veins. 

It should be noted that, in the imaginal venation, the main 
stem of the media is fused with the radius for a short distance, 
in the pupal venation, these can be seen to be quite distinct. 

Summary. 

( 1 ) The tracheation of the pupal wing of Chorutta uu«tralix is 
highly specialised by reduction, then 1 being only two main 
tracheas entering the wing. Of these, one belongs to the oosto- 
radial group and passes into the radius; the other belongs to the 
cubito-anal group and passes into the media. 

(2) In the freshly-turned pupa, the fusions of veins that are 
found in the imaginal venation are not accomplished, and hence 
it is possible to interpret the whole of the venation with certainty. 

(3) Main veins and their branches, in the imaginal venation, 
carry macrotrichia; cross-veins do not. From this, it is de¬ 
monstrable that an apparent cross-vein below M is in reality the 
basal portion of Cu,. 

(4) The imaginal venation is specialised in having M fused 
basally with R for a short distance; in having Cu, continuing 
the line of the main stem of M, the short basal portion of Cu, 
resembling a cross-vein below M; and alro in the partial fusion 
of Cu, with 1A in the hind wing. 

(5) The rest of the venation is of a generalised type, closely 
resembling the typical Trichopterous plan, but with an extra 
branch to M 4 in the forewing. Cross-veins are fairly numerous, 
but variable in position and number in different individuals. 
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EXPLANATION OF PLATE XLIIJ. 

Fig. L—Wings of a pupa of Chori*ta fiiw/m/w Klug, 9, three day h old; 
(x 18). 

Fig.2.—Rasal part of forewing of same; (x 43). Note the Alar Trunk- 
Traohea at extreme base of wing, giving off the two wing-trachea*. 
Fig.3.—Banal part of hindwing of Mine; (x 32). 

(Photomicrographs of the freshly dissected wings in water). 


Ku'lanatton* or (Jumstch'k Nkkoham Vrvatkinal Notation, as i*sko 
IN TUB TKXT-rinrRKH. 

1A, 2A, 3A, the three anal veins—C, costa—Cu, cubitus; Uu, its upper, 
and Cu 9 its lower branch— cttf y cubital fork—/>, frenulum—M, media; 
M lf M„ M„, M 4 , its four branches, the lost of which divides into M* and 
\Lh in the forewing ~w/ f median fork—pterostigma— -ptf t pterostig- 
matio furrow~R, radius, dividing into R t , ita main stem, and Rs, the 
radial sector; this tatter lias four branches, R„ R a . R 4 , and Rj—?/, radial 
fork— rf\ fork of radial sector—Ho, *u boost*. 
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THE “SPRINGING” OF TINS OF PRESERVED FRUIT. 

Hy W. W. L'Ebtranok and R. Grki«-Smith, D.8t\, Maclray 
Bacteriologist to the Society, 

It occasionally happens in the canning of fruit that some of 
the tins, after a time, l>egin to swell. Normally, the top and 
Ijottom of the container are slightly concave, indicating a partial 
vacuum within If, however, one or both is convex, the tin is 
abnormal and is alluded to as a “springer.” Such cans are 
rejected, and, as there may be many sprung tins, the loss may be 
considerable to the canner. The cause is generally ascribed to 
leaking containers, but as some fruits are more prone to produce 
11 springers ” than others, it appeared that much might be gained 
from a study of the phenomenon. It is certainly curious that, 
while pears and some varieties of plums with tight stones are 
frequently affected in this way, peaches and other stone-fruits 
are but rarely so, even when they are processed or manufactured 
in precisely the same way. Our attention was called to the 
matter, and an examination was made of some of the affected 
tins. 

But before dealing with the results of this examination, it may 
be well to briefly describe the method of processing the fruit. 
The pears, generally the Bartlett variety, are picked, pared, cut 
in two, cored, in some cases sliced, and washed in running water. 
They are then put into empty containers, and placed on a 
travelling belt which carries them past a up from which boiling 
syrup is run in up to within a quarter or half-an-inch of the top. 
They pass on to a machine which automatically fits on the lids 
and turns the edges. The cold pears reduce the temperature of 
the syrup, which is generally at lbO*F., when the lid is fixed 
and the conUiner made tight. The tins are put into baskets 
and passed through a boiler. The passage occupies 24 minutes, 
and the tins are in the boiling water sone for 16 minutes. On 

89 
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emerging from the boiler, the ends are bulged, but they become 
concave as the tins cool, while stacked on the floor near the 
boiler. When cold, they are taken to the store, and built up in 
tiers so that any springers may be detected. After a time, they 
are labelled and despatched. 

The springers appear to tie of two kinds. One contains syrup 
in an actively fermenting condition; the other is quite still, but 
the syrup has a sharp, slightly acid taste noticeable only to the 
expert taster, and the fruit is apparently quite fit for human 
consumption. The fact that one or both ends of the container 
are bulged is, however, sufficient to cause the condemnation of 
the tin. 

The time during which the fruit is cooked seems to 1)6 suffi¬ 
cient to thoroughly pasteurise the contents of the tins, hut to 
gain some definite information upon the matter, two tests were 
made in the laboratory with fresh pears. These were peeled, 
halved, and cored The bulb of a thermometer was inserted in 
the body of one of the halves and the tin was filled up with boil¬ 
ing syrup, and put into hoilh'g water. The temperatures of the 


pear and of the syrup were read off at intervals. 


Temperature in °C. of the 


pear 

Byrup 

At start . 

18° 

81° 

2 minutes . 

27° 

84° 

A minutes . 

42*5* 

8 T 

10 minutes . 

65*5“ 

90*5° 

15 minutes . 

78° 

92° 

*20 minutes . 

85* 

94*5° 

*24 minutes . 

89* 

86 “ 

Container taken out and placed on bench 

*28 minutes . 

90* 

87*5° 

30 minutes . 

90° 

86 *6“ 

35 minutes . 

88 ° 

78'5° 

40 minutes . 

85° 

74“ 


The conditions were not quite the Bame as in.processing'under 
factory-conditions, inasmuch as there was no lid on the con¬ 
tainer, and it was not completely submerged in the boiling water. 
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For this reason, these temperatures are lower than would occur 
in practice, but even as, in the experiment, the pears and the 
syrup were over 70*C. for at least 30 minutes. And over 86* for 
minutes, the exposure was quite sufficient to pasteurise the 
contents 

One point about the experiment was, that the tin was put 
into tlie boiling water immediately the syrup was added; whereas 
in practice, a certain time must elapse before the tin is capped, 
put into h basket and pushed into the boiler, where it is some 
four minutes before the zone of boiling water is reached. It was 
considered that an interval of ten minutes would completely 
cover this interval, and, accordingly, in another laboratory-test, 
the container was allowed to stand for ten minutes after receiving 
the boiling syrup, and before it was put into the boiling water. 


1 

Temperature 

pear 

in J C. of the 

syrup 

At start . 

45“ 

47° 

5 minutes 

.50” 

67’3* 

10 minutcH 

67^ 

HO* 

15 minutes 

76“ 

85“ 

20 minutes 

80 W' 

88* 

24 minutes . . 

H.V 

NOW* 

(Container taken out awl plated on 1 touch 

28 minutes 

84° 

H7’5* 

30 minutes . 

83.5” 

86" 

40 minutes . 

7«° 

78° 


Kven with the ten-minute interval before placing the tin in 
the boiling water, the fruit and the syrup were well over 70* for 
at least 25 minutes, and this should be enough to destroy all 
vegetating yeasts and bacteria. 

A number of faulty tins, ten in all, were received in October, 
1916. They consisted of pears, greengages, and plums. They 
were examined bacteriological!}*, and uo growths were obtained 
from the contents of seven. A tin of pears contained a small 
active yeaBt, Saccharomyces Zopjii, which has been shown to be 
responsible for the “puffing" of tins of golden syrup in America. 
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It actively fermented fruit-syrup, and was undoubtedly the cause 
of the springing of this particular tin. Another tin of pars 
contained a mixture of inactive yeasts and moulds. As they 
did not ferment fruit syrup, it was clear that the cause of the 
trouble had disappeared. A tin of greengages contained inactive 
bacteria and moulds, and, as in the previous case, the agent 
which had caused the fermentation had died or had been killed. 
Several of the containers showed clear evidence of having leaked 
at some time. 

A second lot of six faulty tins of pears was obtained in June, 
1917, and the notes upon these are as follows. 

NoJ. The container had a faulty Hd, the tinplate was spongy, 
and foaming syrup was oozing out of a central pin-hole. The 
syrup was actively fermenting and contained yeasts. 

No.2. The container had a small quantity of syrup, the bulk 
having apparently leaked out. The syrup contained yeasts and, 
when set aside under aseptic conditions, it fermented vigoiously. 

No.3. The contents appeared to he normal, but the syrup con¬ 
tained bacteria and yeasts. 

No.4. The fruit appeared normal, but the syrup was thin, and 
contained bacteria and yeasts. 

Nos.5 and 6. The contents were normal, and the syrup con¬ 
tained ba 9 teria only. 

All tbe containers, with the exception of No.6, showed signs 
of having leaked at some time. No.6 was the only one that ap¬ 
peared to be intact. 

The bacteria in the tins were the same. On dextrose agar, 
they grew as short, irregular rods, and ns chains, especially in 
the condensed water. They were Gram-positive, and, as they 
had no action upou any sugar, they could not have been respon¬ 
sible for the springing of the retainers. 

The yeasts were all of the culture-type, that is,, they were 
varieties of Sacchoromyce* ceruvuics. This type is associated 
with the manufacture of beer, and one would not expect to And 
it in a factory where there is so much fruit utilised. In a factory 
such as a fruit-cannery, wild yeasts and torulas should be present 
in abundance, and it certainly was extraordinary to find only 
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culture- or beer-yeasts in the preserved pears. It was subse¬ 
quently discovered that, adjoining the cannery, there is a factory, 
where a largo amount of ginger-lieer is produced It is safe to 
conclude that the yeasts came from this source. 

In October, 1917, a third lot of six tins of pears was examined, 
and, with one exception, all of them showed signs of leakage. 
The contents were sterile, and, from the presence of soldered 
vent-holes on two of the containers, it was concluded that the 
lot had l>een reprocessed, that is to say, they had been put 
through the boiler after evidence of springing lmd been de tec ted. 
One of the tins contained a strongly foaming, sterile syrup, and 
as this was oozing from one of the ends, it was evident that the 
re-processing had been of recent date. 

We had an opportunity of inspecting the processing of pears 
in February, 1918, and, from our observations, we concluded 
that the root of the trouble lay with the closing of the containers. 
The margin of the lid is painted with a mixture containing flour 
or starch, and when the closing machine overlaps the edges of 
lid and container top, the mixture fills up the spaces between 
the interlocked edges. The joint appears to be tight, and doubt¬ 
less the starchy mixture makes a good lute. But the pressure 
exerted by the air contained in the tin (it constitutes from one- 
twelfth to one twenty-fourth of the contents) must be consider¬ 
able during the passage of the container through the boiler. The 
luting mixture is supposed to form a jelly in contact with the 
hot water, on the one side, and the hot syrup on the other, and 
it is quite reasonable to suppose that the jelly may be forced out 
of the joint by the pressure of the contents. The tins appear to 
be sound immediately after processing; it is when they are 
stacked in the store-room, that they show signs of leakage. In 
the case of pears, about every second tin leaks more or less; 
with plums, about every tenth tin is faulty; and, with peaches 
and apricots, the leaks are few in number. As the processing is 
the same in all oases, one is driven to the conclusion that the 
juice of pears and, in less degree, that of plums, has a solvent 
action upon the luting jelly, and that another mixture should be 
employed. 
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The experimental evidence shows that the duration and tem¬ 
perature of the processing are sufficient to absolutely free the 
contents from active yeasts. Their entry into the containers is 
most likely to occur while the tins are cooling down or shortly 
after. It is reasonable to suppose that the original air of the 
tin has been partly or entirely expelled during processing, and 
the vacuum created during cooling draws in the air of the factory 
with its suspended yeasts and other organisms. It is entirely a 
matter of chance as to the number of organisms and the activity 
of the orgauisms that may be in the indrawn air. There 
may he none, or they may be inactive, and the tin will not leak. 
There may be one or more, and, if these are active gas-producers, 
the tin will “ spring. 1 ’ It is quite possible that some of the tins 
might be so imperfectly closed that they would leak under any 
circumstances, but the scarcity of leaks and springers among the 
tins of stone-fruits shows that this is of very rare occurrence. 

The behaviour of the pears and pi urns, as oorapared with 
apricots and peaches, points to the use of a more insoluble luting 
material, and, failing this method of overcoming the trouble, 
there is the alternative and probably better plau of allowing the 
tins to cool after processing in a current of filtered, sterile air, 
and, when cold, painting the joints with a lacquer-varnish. Thus 
the entry of yeasts into the tins would be prevented during the 
cooling, and the varnish would make them germ-tight and germ* 
proof. 



NOTES AND EXHIBITS. 

Dr. Cleland exhibited the first four parts (Vol. i.) of “Epi¬ 
graph ie Mtfdicnle: Corpus Inscription urn ad Medicinam Biolo- 
giamque S pec tan tin m,” public par Professeur Raphael Blanchard 
(Paris, 1909-16). — Also specimens of Aneetellorhina auyur (Cafli- 
phora oceanim), one of the Australian Blowflies troublesome to 
sheep, bred from an Agaric (Plenrotua sp.) which had probably 
been infected during exposure for two days in a room—the 
interest of the exhibit being that the flies had been reared on a 
purely vegetable medium. 

Mr. Steel communicated the following Note on the abnormal 
gizzard of a Muscovy duck, exhibited at the last Meeting ( antea , 
p.361). 11 On subsequent dissection of the exhibit, it was found 

that, while the organ was of the usual shape and dimensions ex¬ 
ternally, the internal cavity was only about one-third of the 
normal capacity, and the gizzard-walls correspondingly thick. 
The vermiform appendage was hollow, and was tightly packed 
with a hard, brown substance, which broke up on treatment 
with hot sodium hydrate, but exhibited no traces of vegetable 
tissue, nor of definite structure, being apparently a secretion 
from the walls of the appendage. The appendage was completely 
isolated from the cavity of the gizzard by a layer of white, fibrous 
tissue, about £ inch in thickness, this being the thickness of the 
side-walls of the gizzard at the area of attachment. 'I he speci¬ 
men has been placed in the Museum of the Department of 
Veterinary Science, University of Sydney." 

Mr. Fletcher, on behalf of Mr. Musson and himself, showed 
seedlings of a number of species of plants, not Eucalypts or 
Angophoras - including Blatocarpue oyaneu s, Leptoepermum 
jfaveecene, Callietemon pinifolius and V. talignu*, Melaleuca 
nodojta and M. ycnuttfolia, Tnetania neritfoUa, Syncarpia 
laurina , Backhoueia myrttfolia, Caeuurina sp., Sankdum obtuei- 
folium , and several not identified—which seem to be afflicted, in 
a similar manner, with composite, shoot-bearing tumours. 

The President offered a cordial welcome to Mr. R. W. Bretnall, 
a Soldier-Member recently returned after service abroad, 



ORDINARY MONTHLY MEETING. 

August 28th, 1918. 

Professor H. G. Chapman, M.D., B.S., President, in the Chair. 

Messrs. John Hopson, Junr, Dalkeith, Eccleston, N.S.W.; 
and Fkrdkkick P. Dodd, Kuramla, North Queensland, were 
elected Ordinary Members of the Society. 

The Donations and Exchanges received since the previous 
Monthly Meeting (31st July, 1918), amounting to 2 Yds., 44 
Parts or Nos., 7 Bulletins, 1 Report, and 5 Pumphlets, received 
from 37 Societies, etc., and two private donors, were laid upon 
the table 

NOTH AND EXHIBITS. 

Mr. W. W. Froggatt showed a tine aeries of Coccid galls on 
Eucalypts, commonly known as Brachyscelid galls, attributable 
to members of the genus Apiomorpha) a remarkable gall due to 
Cynips on Live Oaks in California; and an undetermined, living 
snake from Moree, N.S.W. 

Mr. Fletcher exhibited specimens of Melaleuca Deanei F.v.M., 
and photographs of the largest plants seen (about 8-9 feet high, 
and 4-5 inches in diameter at the base); and specimens of 
PetropkUa eeeeilia Sieb.—two of the rarer plants of the Lane 
Cove District, to be met with only in small, isolated groups. 

The Secretary communicated a letter from the Dailey Branch 
of the Australian Society of Patriots at Newcastle, advocating 
the reservation of Pulb&h Island in Lake Macquarie. Mr. J. 
Mitchell, who had visited the island, offered some favourable 
remarks. Further consideration was postponed 


[Printed off, .September 4th, 1918.] 
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MESOZOIC INSECTS OF QUEENSLAND. 

No.3. Olio xN AT A xsu Protqponata. 

By Tt. J. Tillyakd, M.A., D.ttc., F.L.N., F.E.N., Linvkav 
Mao lb ay Pjcllow of tub Hocikty tn Zooi.ony. 

^^{flates xliv.-xlv,, and Text figures 11-10). 

Since the publication of No.2 of this Series ( 4 ), Mr. Duimtan 
has completed the dolamination of the rock taken from the 
Ipswich Fossil Bed, in the course of gathering together the 
material forming the third collection (8) of those fine fossils. The 
whole of this collection, with the single exception of the Coleop¬ 
terous elytra, is now in my hands for study. Amongst the very 
fine material received in the last consignment are two interesting 
fossilOdonata, these Iming the only Dragonflies found at Ipswich 
since the discovery of Mraophhbia antinodaUa Till., described in 
a former paper(2). 

The former consignment also contained a very fine fossil, which 
is of such unique structure that it is not easy to place it in any 
of the aooepted Orders, either fossil or recent. This fossil has 
been studied by me for a long time; and I have definitely con¬ 
cluded that it is best placed in the Protodonato, of which it 
must form a new Suborder. The present paper deals with this 
fossil and the two Dragonflies above-mentioned. 

Recently, Dr. A. B. Walkoin, of the University of Queensland, 
Brisbane, has published his thesis upon the Lower Mesozoic 
Rocks of Queensland ($), in which he discusses very fully the age 
of the Ipswich Beds. There can he very little doubt that his 
placing of these beds as Upper Triassic is correct, and as such I 
am oontent to accept them. It will he more and more evident, 
aa the description of the fossil insects proceeds, that they consist 
of a definitely Mesozoic Fauna, not unlike that of the Lias of 

SI 
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England, together with a number of older forms, apparently relics 
of the old Carboniferous Fauna, such as we know from Commentry 
in France. The three insects described in this Part illustrate 
this intermingling of forms very clearly. 

Order 0 DON AT A. 

♦Suborder ZJrgoptera. 

Family LRRTIDA 
Subfamily TRIA8S0LERTINVH, n.subfam. 

Wings with the bases strongly reduced, petiolato; the whole 
of the area between Cu and the posterior margin, below the 
quadrilateral, free of veins; and, hence, no anal bridge present. 
Quadrilateral narrow, placed very obliquely to the long axis of 
the wing; its upper side short, its lower long, and hence its distal 
angle very acute; Cu, and Cu, arising together from this angle. 
Arculus complete, with M,, arising from the top of the quadri¬ 
lateral. 

Genus T h i a s h o l e s t k s, n.g. (Text-figs. 11,1 2b). 

A complete antenodal cross-vein in line with the arculus; (this 
is probably the second of the series). Distal side of quadrilateral 
continued straight to the posterior border of the wing, by an 
oblique cross-vein. M u arching slightly upward os each branoh 
is given off; M a arises about six cells distad from the level of the 
quadrilateral; Ms arises from M t . 9 about four cells further distad 
than M f . Discoidal field fairly wide, with M 4 and Cui slightly 
divergent; a single row of cells to beyond the level of the origin 
of Ms, followed further distad by two rows. Between Cuj and 
Cu,, a single row of cells at first, to about level of origin of Ms. 
Cu, curves strongly downwards distally to meet the posterior 
border of the wing; between it and the wing-border, one row of 
cells basally, increasing to two distally. [Anterior and distal 
portions of the wing missing, including nodus and pteroatigma]. 

Genotype, 7Vumoleates epiophlfbio'ide$ t n.sp. (Upper Tri- 
assic, Ipswich, Queensland). 
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TrIASSOLESTKS RPlOPHLKBIOIDKfl, ll.Sp. (TPXt-flgH.il, 12/;). 

A well-preserved fragment, 18*5 mm. long, greatest width (dis- 
tally) 8*5 min.; consisting of the greater portion of the basal half 
of the wing, but without the extreme base. Tho anterior part, 
including the costa, subcoata, and radius, missing. The preserved 
portion includes the quadrilateral, the media and cubitus with 
their branches, and the posterior border of the m ing. The anal 
vein appears to lx* completely fused with tho latter. 



Text-fig. 11. 

TriamJMU* fpiqihftlrioide*, n.g. et sp., (Triadic, Ipswich, Q.), preserved 
portion of wing: ( xB). (Iu,, Cn t , branches of cubitus* M,. # , upper, 
and M 4 , lower sector of arculus; Ms, Zygopterid sector: p f petiole; 
7 , quadrilateral. 

The appearance of the fossil may be seen from Text-fig. 11. The 
veins are all beautifully preserved, but unfortunately the wing 
lies upon some plant-remains, which appear to have been hard 
twigs or stems, and which have cauAed the fossil to rest upon a 
very uneven surface; with the result that, in one place at least, 
the wing has become crumpled or torn transversely, so that the 
continuity of the main veins is badly broken. The veins can, 
however, be followed across the break, and picked up on the 
other aide of it. Distally also, in the region of M Mv the wing 
lies upon an uneven surface, and the position of both main veins 
and cross-veins is somewhat distorted. 

Eliminating the effect of these inequalities, it is not a difficult 
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task to restore the wing to its correct form, as far as it is pre¬ 
served for us. The result, is to lx* seen in Text-fig. 126, to which 
T have added the probable courses of the veins that are missing 
in the fossil. For purposes of comparison, I have shown also the 



Text-fig. 12. 

(a) JQpiaphl&ia miptrsU* (Belya), (Reocnt, Japan), forewing; b\ region of 
quadrilateral of hindwing of sams. (6). Tri***ole*U* epiophlebitfde*, 
n.g. et sp., (TrUssio, Ipswioh, Q.), restored wing, with missing parte 
shown by dotted lines, (c) Synle$U» mytrti Selys, (Recent, Australia), 
forewing. The basal portions of all three wings shown for domparison 
with one another, (all x 4). Ab, anal bridge; 0, oosfca; N, nodus; R, 
radius; aq t subquadrangle. Rest of lettering as in Text-flg.il. 

corresponding areas of the forewings of Epiophlebia euperetes 
(Selys), and SynlceUt* weyersi Selys, both of which show certain 
points of resemblance with this interesting new fossil. 

Comparing the fossil first of all with Epiophlebia, we note that 
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the fossil wing was considerably broader, and probably also some¬ 
what longer. Hie region of the quadrilateral is closely similar 
in both, but the quadrilateral of the fossil wing is placed more 
transversely to the wing-axis, and the lower ]x>rtinnof thearculus 
is much more transversely placed than in Eplophfabia. The 
quadrilateral of the fossil resembles that of the forcwiug of 
Epiophlebia (Text-fig. 12a) much more than it docs that of the 
hindwiug (6'); but, in other i-espects, particularly in the strong 
distal curvature of Cu„, the fossil wing more resembles the hind¬ 
wing. A close resemblance to EpiopJtMUi is shown in the levels 
of the origins of the branches of M, and in the shape and vena¬ 
tion of the discoidal field and the two longitudinal areas of the 
wing lying below it. * 

The fossil, however, differs entirely from EpitsphhhUi, and, 
indeed, from all known foMidtr, in possessing a bread and abso¬ 
lutely free area between Cu and the posterior border, below the 
quadrilateral. As the wing is excellently preserved in this 
region, there can be no doubt about this character, which places 
the fossil, in this respect, as more highly specialised by reduction 
than any known Zygoptera, except only the subfamily Proto- 
ttrurimt of the family Ayrionidat . 

Where the nodus was placed, we cannot tell for certain. But, 
if we were agreed that the comparison with Epiophlftbia would 
hold also for this character, we might expect that it was situated 
somewhere near the extreme distally preserved portion of the 
fossil, i.f\, considerably distad from the level of the origin of Ms. 

The comparison with SynleMrs is by no means so close, as can 
be seen from Text-fig. 12c. The wing of Synlfate* is exceedingly 
narrow, and differs from that of the fossil in having Ms arising 
from M, close to its origin, in tho very narrow quadrilateral, in 
the upward arching of Cn { from the distal angle of the quadri¬ 
lateral, in the consequent narrowing of the discoidal field, and in 
the length and straightness of Cu . But, in its extreme reduc¬ 
tion of the anal bridge (ili), Synlentes shows the nearest existing 
approach to the high specialisation seen in the fossil; and, on 
this account, the comparison is of value. * 
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While placing thin fossil as more closely allied to Epiopfdtbia 
than to any known Dragonfly, fossil or recent, it seems to me 
that the characters exhibited by it require its elevation to sub¬ 
family rank. Hut, if the area IhjIow tlie quadrilateral had pos- 
Messed ah anal bridge, I should have been content to place it in 
the subfamily Epiopfdebiituv. 

The Ijestid affinities of the fossil apj>ear to me to he beyond 
doubt. As it appears that some students of the Odonata have 
been unwilling to accept my removal of Epiophfehia to the family 
Lfislidiv, T should now like to draw their attention to this fossil, 
which was unknown at the time that. I made this suggestion. 
The combination of Epiophlebiine characters from the quadri¬ 
lateral distad, with the extreme reduction of the l>ase, which 
characterises this fossil, should surely Ik* regarded as a further 
link in the chain of evidence fur the Lostid affinities of 
Epiophfehia. 

Type, Specimen No, 205a, (Coll. Queensland Geological 
Survey). 

Horizon: Upper Triassic, Ipswich, Q. 

Odonata inckktjE skdis. 

Genus Pkhiuohhlkbi A, n.g. (Text-fig. 13). 

Between C and 11, beyond ptcrustigma, an irregular double row 
of cells. Between U and M,, beyond level of pterustigma, at 
first an irregular triple row of cells, followed by a more regular 
double row. Below Mj, a strong convex sector is developed 
towards the apex of the wing, three rows of cellules from it. 
This is probably M u . Close below this sector, and only a single 
row of cells 1 width from it, there is a parallel concave sector. 
Both the above sectors converge towards M, as they approach 
the apex of the wing. Some three or four rows of cells below 
the concave sector, there is a diverging convex sector, which is 
probably M a . 

[Only a fragment of the wing is preserved, embracing a por¬ 
tion beyond the pterostigma]. 

Genotype, Pm'iseophlebia multiscriata % n.sp. (Upper Tri- 
assic, Ipswich, Q.). 
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80 little of the wing of this fine Dragonfly is preserved, that it 
would be inadvisable to name it, were it not for the very remark¬ 
able characters exhibited by the preserved portion of the wing. 
It may lie stated as a general rule, both for recent and fossil 
Odonata, that the spaces between C and It, on the one hand, 
and Ijetween R and M n on the other, from the level of the ptero-, 
stigma to the apex of the wing, are only filled by a single row of 
cells. As exceptions to this, we may note the Liassic genus 
Petrothnnia Handl., in which the distal portion of the space 
between 0 and U is filled with three rows of minute cells, and 
the Imsal portion of the space between R and M, carries two 
rows of cells near the pterostigma, decreasing to one row only 
towards the apex; and the very densely-veined Aeachnidiidf r, in 
which the upper of the two spaceH in question has only one row 
of cells, but the lower has two. 

Hence we see that, on this character alone, Periaaophlebia 
stands as the most densely veined of all known Odonata. 

A second character, that is very exceptional 111 Odonata, is the 
arrangement and direction of the longitudinal veins lying below 
M,. These are so strongly developed that they would appear, at 
first sight, to be portions of main veins. But a little considera¬ 
tion of the position of the pterostigma shows us that the pre¬ 
served portion of the wing represents only a very small piece of 
a very large wing. The lowest of the three sectors seen below 
M, in the fossil is concave, and may very probably be AL,; the 
other two are almost certainly not branches of M, but intercalated 
sectors. Of these latter, the upper one, being strongly convex, 
very probably corrosponds with the poatnodal vector , M u , found 
in recent Zygoptera and in Petalura\ while that below it might 
be either a concave supporting sector, or a branch from Mg itself. 
In any case, the directionH of these three veins, two being parallel 
to one another but converging towards M t distally, and the third 
being parallel to M,, are quite exceptional in the Odonata. 

It is clear then that, in spite of the small amount of the wing 
preserved, the characters there shown are quite marked enough 
to warrant the giving of a name to the fossil. 
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PKMSKOPHLKHIA MULT1HKH1ATA, 11 .Bp. (Text-fig. 13). 

Total length of fragment, 8*5 nun.; greatest bi*eadth of same, 
8*5 nun. 

A small portion of the pteimtignin preserved appears to point 
definitely to the fact that it was sharply ungulated at its upper 
•distal angle; a charaeter that is exceptional amongst fossil 
Odonata. 

Most of the fragment is very well preserved, with the eruss- 
icins dearly visible; hut, in the lower portion, they are partly 
obliterated. 



Toxt-Hg. 13. 

Permt&jjhfefoa mnttiwwUa, n.g. el sp, t (TriaHwic, Ipflwiuh, QA. Pieserveil 
portion of wing, (x 75). M Jf poalnodat sector. 

The distance from the tip of the pterostigtna to the apex of 
the wing, and tlie great width of the wing beyond tli6 level of 
the pteroatigmn, both point to the fact that it is a fragment of 
a very large wing, probably as large as, or larger than, that of 
PetcUnra yiyantea Leach. 

Type, Specimen No.203 ah (part and counterpart), (Coll. 
Queensland Geological Survey). 

It is impossible to place this fragment definitely; but I would 
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suggest a likely relationship with Petrtrikemia Himjnhirut Umid- 
lirsch, which is itself unplaced, owing to absence of the basal half 
of the wing. A figure of this latter fossil is given in Handlirsclt's 
Atlas(l), l J Iate xlii., fig.9. It is a much smaller wing than that 
of Perimrphh'ldti) and comes from the Upper Lias of Dohhertiu, 
Mecklenberg. 

Ordei PROTO DO NAT A. 

Nu Under Aeroplanoptera, Huhuidn nova. 

1 nsects with strongly veined wings, traversed by numerous 
parallel longitudinal veins, with a network of irregular cross- 
veins, well developed near the lw.se only; in the rest of the wing, 
the cross-veins tend to become weak, and almost disappear dis¬ 
tal ly. Costal border strongly developed, coriaceous at base. 
Radius with a single sector. Media with many dichotomous 
branches. Cubitus two-branched. 

This Suborder is at once distinguished front all the rest of the 
l’rotodonata (which may be termed the Suborder Meguneuro- 
ptora, f 1*0111 the dominant family) by the close, parallel veining 
of the wings, the dichotomous branchings of the media, and the 
two'hriuiclied cubitus. Tn this latter character, it agrees with 
till' Order Odonata; whereas the rest of the Prolodonata lmvo 
only a simple cubitus. 

Family AEHOPLAN 11)^3, fain.nov. 

Wings excessively elongated and narrow, the parallel longitu¬ 
dinal veins strongly developed and close together. Sulwosta 
weak, in a deep groove just in front of the exceedingly strongly 
developed radius. The single radial sector arising from near the 
base by a double root . Media seven-branched in both wings, but 
the method of branching is different in fore- and hindwings. 
Radius and media just fused at bases. Cubitus with its two 
branches arising close to the base and diverging gradually, A 
single anal vein present, below which is developed an anal field 
with irregular veining, supported by a curved recurrent sup¬ 
plement. 
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Genus Akroplana, n.g, (Plates xliv.-xlv., Text-figs. 14,15), 

Characters of the family, with the following additions. First 
and second origins of Hh arising not far ajsirt, the portion 
between them somewhat curved concavely to R. First dichotomy 
of M at same level as first origin of Rs. Tn forewing, the 
anterior branch of M gives rise to three branches, by two dicho¬ 
tomies which take place at some distance from the first; the pos¬ 
terior branch also gives rise to three branches, which arise much 
closer to the original forking. The middle of these three la^t 
branches forks again, a little further distad. Thus there are 
seven branches in all, three arising from the anterior branch, and 
four from the posterior. Tn the hind wing, the anterior branch 
of M remains simple for a considerable distance, but finally 
divides into two only; the posterior branch, on the other hand, 
soon divides again into two, of which the upper branch gives 
rise to three branches by two separate dichotomies, the lower to 
two only. Thus there are also seven branches of M in the hind¬ 
wing, but of these only two arise from the anterior branch, and 
five from the posterior. 

The two branches of Cu diverge very slightly from one another 
at first, both tending to diverge also from the radius, in the same 
manner that the media does. A little further distad, close to 
the level of the first origin of Rs, Cu a begins to curve strongly 
away from Cu,, forming a wide bend, and later on again ap¬ 
proaches Cu,, to run parallel to and beneath it. 

Just distad from the first dichotomy of M, in the hindwing 
only, a weak, curved supplement runs back obliquely to join Cu lt 
resembling in form the anal supplement below A, but on a 
smaller scale. 

Genotype, Aeroptana mirabilv *, n.sp. (Upper Triassic, 
Ipswich, Q.). 

Akroplana mikabimh, n.sp. (Plates xliv.-xlv., Text-figs. 14,15). 

Total length of fossil as pitsserved, from base of hindwing to 
end of isolated piece of forewing, 41 *5 mm. Total length of 
preserved portion of hindwing, 26mm.; greatest breadth of same, 
5 mm. 
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The insect lies upon the somewhat uneven surface of a dark 
grey shale, in such a position that it is crushed down somewhat 
dorso laterally, the hindwing apparently covering the thorax, and 
having its costal margin passing under the posterior border of 
the foi’ewing. This latter wing, howe\er, lies at a slightly higher 
loud, no that, in the process of dclninination, its posterior border 
was lifted off, excising the whole Ijasal portion of the costal 



Toxt-flg 14. 

Avraptrinn miraJ>Ui* t n.g. ct sp., (Triossic, Ipswich, Q.) Sketch of the 
whole foHNil in situ, ( x 2 ) to show the relative positions of the different 
parts. A, A, principal portions of the fore- and hind wings, figured in 
l*late xliv., fig 12; H, distal portion of fore wing, figured in Text-tig. 
1*5. To the left of the wings arc shown the crushed portions of the 
head and thorax. The fossil remains are left unshaded, the rook 
itself is lightly shuded, and the deep break between the parts A and 
H is shown in black. The rook around B has been partly out away 
with a penknife. 

margin of the hindwing. Around the buses of the wings there 
are scattered a number of chitinous pieces, some belonging to 
the head, and some to the thorax of the insect. These are so 
much crushed that they cannot be recognised with certainty; but 
there arc two very concave impressions close together, one circular 
and the other an irregular oval, which may represent portions of 
the compound eyes. Below the hindwing, there are two narrow 
elongated fragments, one about 14 mm. long, the other about 
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11 mm., which appear to represent the broken-off costal borders 
of the other pair of wings. 

Mr. Dunstan tells me that, in the search for this fossil, the 
icck broke transversely across the two wings, leaving a consider¬ 
able gap liefcwoen them. On the other side of this break, Mr. 
Dunstan prospected with his penknife, and was fortunate in 
picking up a further (more distal) portion of the forewing, lying 
exactly in line with the more basal portion. This part was 
glued into position on cardboard with the rest of the fossil, as 
shown in Text-fig. 14. Mr. Dunstan assures me that this part is 
not, at the most, more than a sixteenth of an inch out. If that 
be so, as it certainly would appear to be from the shape of the 
wing, then it is clear that the wings of this insect were exces¬ 
sively long and narrow, being in shape not unlike the planes of 
a modern aeroplane. This character suggested to me the name 
of the genus. 

The general character of the wings of the fossil can he well 
seen from Plate xliv., fig. 12. The hindwing is very complete as 
regards its basal portion, and exhibits a large number of in¬ 
teresting characters. Wo may most profitably study this wing 
first. 

The costal space apj>ears U> lie strongly convex, and was pro- 
liftbly formed of very hard chitin, since the few cross-veins in it 
aits indistinct, and the whole area apj>ears to have been coriaceous 
ia texture. The convex curvature of this aim ends posteriorly 
in the deep groove of the subcosta, behind which the radius rises 
strongly up again as a convex vein. The two separate bases of 
Uh are Iwth strongly marked veins, but the base of the media 
appeal's as a very weak vein diverging from R. The bases of Cu 
and A are strong veins. 

In the whole of the basal region of the wing, up to a level 
just beyond the second origin of Us, the cross-veins are strongly 
marked and easily followed. The meshwork here is of a typical 
Palwodiotyopterous type, the cells formed being very irregular in 
shape. The development of the recurrent supplements between 
M and Cu, and again between A and the posterior border, in the 
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bindwing, are clearly interesting attempts to strengthen the wing 
in the region of greatest curvature of the main veins. 

Beyond the level of the origin of Rs, the cross- veins become 
weaker, and are difficult to make out. Tn the figure in Platt' 
xliv., I have indicated every possible cross-vein of which \ can 
find traces, by examination in lights of different directions and 
intensities. Koine of these may not be true cross-veins, while 
there may be others present which T have missed. 



Text-flg. 15. 

Aer&fJana mirabifin, n.g. et up., (Tri&asic, Ipwwioh, Q.). Distal portion of 
forewing heyond the transverse fracture of the rock shown in Text-fig. 

14;(<74). 

The preserved part of the forewing is very similar to the hind, 
except for the different manner of branching of the media, 
which has been already mentioned. Careful measurements of 
corresponding portions of fore- and hindwings show that their 
widths are almost the same, the forewing being slightly wider 
than the hind, as judged by the perpendicular distance between 
Rs and Cu,. But this may have been offset by a somewhat wider 
anal area in the hindwing. 

The isolated distal portion of the forewing is shown in Text- 
fig. 15. The main veins are well-preserved, yet there are few 
indications of cross-veins. It seems probable that the cross-veins 
became weaker and weaker towards the distal end of the wing, 
and finally became obsolescent near the tip, so that most of them 
are not preserved in the fossil. It will be seen that there are 
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two bifurcations in this distal part of the wing; these have to be 
taken into account in the restoration of the fossil, which T have* 
attempted below. 

Type, Specimen No. 126a. (Col!. Queensland Geological 
Survey). 

Horizon: Upper Triassic, Ipswich, Q. 

ftp*toratimi of fh? Winy* of Acroplana rnirabilis, n.ap. 

(Plate xlv , figs. 13-14). 

Tn attempting to restore the complete wings of this remarkable 
fossil, I have made two assumptions which appear to be fairly 
well justified, viz., that the shape and venation of the fore- and 
hindwiugs were approximately the same (with the principal 
differences preserved to us in the fossil as it stands), and that 
the isolated portion of the foil*wing, shown in Text-fig. 1 ft, lay 
close to the apex of the wing. 

Even with this latter proviso accepted, and taking full ad¬ 
vantage of the possibility of an error of one-sixteenth of an inch 
in Mr. Dunstan’s placing of this fragment, it will lie apparent 
that the length of the wings, in comparison witii their breadth, 
is enormous, the ratio being approximately 7:1. 

In filling in the gap between the basal half of the forewing 
and the distal preserved portion, it is necessary to bear in mind 
the possibility of one or more veins having reached the costal or 
posterior border, respectively, in the interval. To determine 
this, I examined the veins in the distal fragment carefully, with 
the result that I found the uppermost to be more strongly built 
than the others. This should, therefore, be the radius, as is also 
evident from its level on the wing itself. Hence, if we assume 
that there have been no other dichotomies of veins in the missing 
part of the wing, the veins below R in this part of the wing 
must be, in consecutive order, Rs aud the seven branches of M. 
Of these last, it will he seen that M, and M 7 branch again. There 
remain, then, as veins that have reached the posterior border of 
the wing before this level, the two branches of Cu, and A.* 

* This interpretation assumes no further dichotomies of M in the missing 
portion of the wing. 
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On the above suppositions, we may restore the two wings as 
shown in Plate xlv., figs. 13-14, the missing portion of each wing 
being made approximately the same as the corresponding portion 
present in the other. 

The total length of the wings, as restored above, would be 
about 46 mm. each. Tf, then, the insect were of slender build, 
with a narrow thorax, the total expanse of the wings must have 
l>oen about 96 mm., or nearly four inches. This is very small for 
a Protodonate; but the fossil beare the marks of a reduced type. 

Affinities of the Fossil. 

This fossil is certainly one of the most puzzling of all the 
Ipswich Insects. As far as I know, there is nothing in the 
whole range of insect-venation, either fossil or recent, that- shows 
any close relationship to it. fn finally determining to place it 
in a new Suborder within the Protodonata, the following points 
have weighwl with me: 

(1) . The differences in the branchings of the media, in the two 
wings preserved, are sufficient proof that we have a fore- and a 
hindwing preserved, not two forewings or two hindwings. 

(2) , Which wing is the fore and which is the hind, is not 
capable of absolute proof. But, unless the insect is altogether 
twisted out of shape, the more anterior one should be the fore¬ 
wing, us I have assumed it to be. 

(3) . The close similarity evident between fore- and hindwing 
in venation, as well as in shape, puts several Orders out of court at 
once; notably the Orthoptera, the Ferlaria, and the Homoptera.* 

(4) . Jn considering the type of venation exhibited, there would 
appear to be characters belonging to three Orders, viz., the Pro¬ 
todonata, Planipennia, and Mecoptera. These characters had 
to be carefully weighed, with reference to known types of each 
Order. 

* We might note here the exiatenoe, in Australia, of Homoptera belong¬ 
ing to the subfamily l)rrhino* of the family Fuigorido> t with the forewing 
narrowly elongate an in Atroplana; also, a similar elongation ooours in 
both wings in the genus SttnohitUa of the family Trichomatidat, in the 
Order Planipennia. 
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(5). In tho above comparison, due allowance must be made for 
reduction of the original venation, owing to the extreme narrow¬ 
ing of the wing. 

Taking, then, the Mecopteran characters first, it will be seen 
that these may be practically summed up in the dichotonuniH 
nature of the branchings of the media. But, in the Mecoptera, 
the radial sector undergoes a similar series of dichotomous 
branchings. We must assume, then, that this type of branching 
is not in itself evidence of Mecopteran affinities, unless accoin- 
panied by other definite characters. That this is certainly so is 
shown by the archaic pHt/cfaqwA Mfidyri, which belongs to the 
Planipennia, but which 1ms, nevertheless, a media dichotomously 
branched, in a manner not unlike that of the fossil. 

The Plan i pen man affinities suggested are the general appearance 
of the wings as being those of a “lacewing,’* with their numerous 
parallel longitudinal veins supported by, for the most part, 
delicately formed cross-veins; tho groat strength of till 1 radius, 
and tho close, parallel situation of the subcasta in a deep groove 
in front of it; ami also tho correspondence between the branch- 
mgs of M in the fossil and in P#yi'ho]m* itfidyri, already men¬ 
tioned. 

The principal characteristic of all known Planipennia, however, 
is the large number of descending branches of the radial sector. 
Tt is these veins that form, in this Order, the majority of tho 
parallel longitudinal or oblique veins traversing the wing. But, 
in the fossil, Hs is unbranched. This alone seems quite sufficient 
to prevent us placing the fossil within tho Planipennia. Further, 
in all archaic Planipennia, the series of croHg-veins between C and 
Sc is oblique; whereas, in the fossil, those that can be seen are 
at right angles to the main veins, as in Odonata and Protodonata. 

A further argument against both Mecopteran and Planipennian 
affinities for this fossil is the absence of any signs of macrotrichia 
upon the main veins. Even the strongly built radius, which is 
exceptionally well preserved, shows no signs whatever of having 
carried these structures. 

The Odenata themselves cannot be brought into consideration, 
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since the fossil evidently lacks the essential disooidal cell, not to 
mention a nodus, which is almost certainly absent also. We are 
therefore driven back to consider the claims of the Protodonata. 

The strongly built, probably coriaceous, border is already 
known in the Carboniferous genus Mfignamra. The new fossil 
also resembles this genus in the manner in which M appears 
liasally as a \ery weak vein diverging gently from the strongly 
built H. The Pi-otodonata, like the Odonata, are notable for 
the unbranched condition of Us. Now, in there are, 

in the fore wing, two radial sectors arising fairly close together, 
and running closely parallel for a considerable distance. Ff, 
owing to the narrowing of the wing, in the course of evolution. 



Text-fig- 

IliagmniH to show the structure of the radius and media in Protodonata: 
suggested ancestral condition, from which there can be derived:— h , 
the condition found in Af ro/rfaua wirahi/i#, n.g, et sp., by fusion of 
the two radial sectors (Rsi, R» tt ) near their hases; <\ the condition 
found In the forewing of Metfanenra monyi Brongn., with radial 
sectors still separate, hut anterior branch of media (M,) eliminated; 
and d f the condition in the hindwing of the same species, with the 
radial sectors eliminated but the media not reduced. 

these two sectors were to fuse together, we might expect to get 
some such formation as we find in this new fossil, via., a single 
Us with two origins. In the hind wing of Meganeum, however, 
we find that Us is entirely absent. But there is a peculiar 
anterior branch of M, which takes its place, and which branches 
dichotomously exactly in the same way that the corresponding 
branch of M in the hind wing of the new fossil does. All these 
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conditions, viz., that in the forewing of Meganenra, that in the 
hind wing of the same genus, and that in the hind wing of Aero- 
pfmtay can be easily obtained by reduction from the type of 
venation shown in Text-fig. 16, a, as may be seen from b 9 c, and d 
of the same Text-ligure. 

The rest of the media in Meganenra (lifters widely from that 
of Aerojdana, as is only to bo expected when one considers the 
difference in the shape of the wings. 

The cubitus in Meganenra (and probably in other Protodonata 
so far known) is simple. But it is a sinuously curved vein, 
resembling the Cu s of Arrophma in its general couine basally. 
Both genera have only a single main anal vein. But in Mega- 
nenra 9 as in other Protodonata, both Cu and A give off numerous 
descending branches, which are absent from Aero plana. 

We can only conclude that there is a certain amount of 
evidence of affinity between Meganenra and Aeroplana, though 
that evidence is by no means strong. The numerous points of 
difference are so e\ ident that it will scarcely be necessary to 
enumerate them. Thera are, then, only two courses open to us: 
either yro must place Aeroplana in the Order Protodonata, as a 
very highly specialised member, far removed from any known 
type of that Order; or we must make a new Older for it. In 
choosing the former alternative, while at the same time empha¬ 
sising the unique character of the new fossil by placing it in a 
new Suborder, Aeroplanoptera, I have taken a course which will 
sene to indicate the degree of affinity of the fossil to the rest of 
the known Protodonata, while leaving it open to any other ento¬ 
mologist, if he considers this affinity insufficiently established, to 
raise the new Suborder to the status of an Order. 

In conclusion, it seems to me quite possible that this extra¬ 
ordinary fossil may have held much the* same position in the 
Order Protodonata, with respect to the Meganeurid<r, that the 
advanced Agrimtidm hold to-day, within the Older Odonato, 
with respect to such gigantic, archaic types as Petalura . If 
that be so, its existence in the Upper Triassic—at a time when, 
it is to be presumed, the rest of the Order had died out—need 
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ocmsion us no surprise, but is rather to lie expected; just as we 
may expert that the more advanced Dragonflies of to-day will 
remain in existence, long after Petal nra has become extinct. 
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EXPLANATION OF PLATES XLIV.-XLV. 

Plate xliv. 

Fig. 12 .—Arropfaua mirnJnfi*, n,g. et sp. Principal preserved portions of 
the wings; ( x 7). 

Plate xlv. 

Figs. 13-14 .--Avrojjtvma mirabifi* t n.g, et sp. Restoration of fore- and 
hindwiiigs; ( x4». Fig. 13, forewing; tig, 14, hindwing. 

1 A, analis; C, costa; Cu„ Cu 3f the two branches of the oubitus: M,-M Tl 
the seven principal branches of the media; R,, main stem of radius; Rs, 
radial sector; Sc, sulicosta. 


Postscript (added Judy Uth, 1918). — The following important 
changes of nomenclature have to be made:— 

Mesopanorpa Tillyard, 1918 (Type, Jf. ivianamattensia Till- 
yard, Upper Triassic of Glenlee, N.S.W., Mecoptera.) becomes 
Afeaopanorpode*, n.n.; preoccupied by Mttopmwrpa Handlirach, 
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1908 (Type, M, hart any i Burner, Red ten b. Sc Ganglb., "Middle 
Jurassic of Ust Balei, Siberia). The family n&rpidtr 

TiJlyaid becomes the family Mesopanmpodidts^ n.n. (Sm Till 
yard, These Proceedings, 1917, xlii., Pt.4(1918), pp.746-7). 

Cr*>ayri* Hagen, I860 (Type, C\ plumbum Oliv., Neuroptem 
Planipennia, Europe) becomes Creotom, n.n.; preoccupied by 
Creayri* Nietner, 1857, a genus of Coleoptera, Fam. Car abide*. 
I am indebted to Mr. T. G. Sloane for this discovery. (St* 
Tillyard, These Proceedings, 1918, xliii., Pt.l, p. 122). The 
tribe Crmyrini Incomes the tribe Creoleontin /, n.n.- -U.J.T. 

Postscript (add*d August 7th , 1U18). — The title of Part ii. of 
this series of Htudies should lie amended as follows:— 

For 1 V Eschnidiopsis ( <Kschna) flindersitnsi* (Woodward)’', w ri to 
“dSachnidiitpsU fliwdertisnsis (Wood wart!), [+Hsehna\” It was 
never intended to convey the suggestion that *Eschna is a sub- 
genus of ^fisehnldiopsisy and hence the order of the names must 
be altered as hew* shown.—R.J.T. 
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THE CARBONIFEROUS TRTLOBTTKft OF AUSTRALIA. 

By John Mitchell, late Principal, Technical Collkok at 
Newcastle, New South Walks. 

(Plates xlvi.-liii.) 

Introduction. 

For many years, my collection lias contained a number of 
Carboniferous Trilobitcs new to science. When the opportunity 
of. describing them presented itself, my first intention was to 
confine myself to these specimens. On subsequent consideration, 
it occurred to me that palaeontological knowledge would be 
increased by extending the scope of my paper so as to embrace 
all previous work on the Carboniferous Trilohita of Australia, 
to describe all new forms that might be available from other 
sources, and review, ^describe, and redetermine, where it might 
seem necessary, those species referred to by previous authors. 
It will bo found, in the course of this paper, that, in a number 
of instances, my views are widely divergent from those of pre¬ 
vious authors; and, while regretting this divergence, it has not 
arisen through rashness or want of reflection on iny part; and I 
may candidly affirm that my inability to reconcile the deter¬ 
minations of previous authors with my own, in some cases, was 
the only unpleasant part of the work expended on this paper. 
My aim is to dear the literature on the Australian Carboniferous 
Trilobita, to date, of errors which have undoubtedly beoome in¬ 
corporated therein. This aim is one not likely to be fully 
realised, but it will be my endeavour at least to lesseu them, 
and, if I succeed in doing this, I shall be satisfied. That the 
present paper is free from errors is not one of my expectations, 
for with reference to my conclusions in respect to P. woodward i, 
I am not by any means satisfied; and I shall await with some 
anxiety, the discovery of better petrifactions of the remains of 
this species, to make certain what its complete form actually 
was. 


33 
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The discovery of the genus Brachymetopns in the Mount 
Morgan district will be of much assistance in establishing the 
geological age of that area, and also in correlating its sedimentary 
rocks with those of other localities. For reasons which will be 
obvious, the name PhiUipsia dubia has been discarded by me. 

To Messrs. W. S. Dun, Palaeontologist, Department of Mines, 
Sydney, R Dunetan, Chief Government Geologist, Brisbane, and 
H. A. Longman, Director of the Queensland Museum, Brisbane, 
I am indebted for specimens placed with me for inspection and 
description, and for which I tender to them my thanks. To Mr. 
R. Etheridge, J.P., Director and Curator of the Australian 
Museum, and to Mr. Dun, my thanks are tendered for affording 
me access to literature. I am very grateful to General A* W, 
Vogdes, of San Diego, U.S.A, Bibliographist and Authority on 
PalieoKoic Crustacea, for supplying me with notes on the classifi¬ 
cation, and a list of the Carboniferous Trilobites described to 
date. Lastly, I wish to express my thanks to Mr. F. R. Cowper 
Reed, M.A., F.G.R, Acting Keeper of the Sedgwick Museum, 
Cambridge, England, for supplying me with a number of his 
valuable papers, from which I have received much help. 

tilBLIOCIRAPHY OF AUSTRALIAN CARBONIFEROUS TkILOUITKH. 

(1) .—1847. Prof. McCoy (Ann. Mag. Nat. Hist., xx., p.231, 
PI. xii., fig. 1) described Brackymetopu* slrzeUckii and referred to 
the occurrence of the genus Philltpsia in Australian Carbonifer¬ 
ous rooks. 

(2) ,—1872. R. Etheridge, Senr., (Quart. Journ. Geol. Sue., 
Vol. xxviii., p 338, PI. xviii., fig.7) described Oriffithides dubius t 
which, from the description, would appear to be an abnormal 
species. 

(3) .—1877. De Koninck (Foss. Pal. Nouv. Gallas du Sud, 
Pt. 3, p. 348, etc., P1.24, figs. 8, 9, 9a, 10, 10a, 108, and JOc) de¬ 
scribed and figured Qriffiihides (PhiUipsia) eichwaldi Fisiher, 
PhiUipsia (Oriffithides) seminifsra Phillips, and Brachymstopus 
strzelsckii McCoy. 

(4) .—1892. R. Etheridge, Junr., (Geol. and Pal. Queensland 
and New Guinea, pp. 214-216, PI. xxi., figs. 11-14; PL viii., figs. 
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5, 6; and PI. xl., figs. 4,5, 6) described the following: - Phiflipaxn 
dubitt, P. tvoodtvardt Eth. fll., Phillip*ia(h sp. ind., for which he 
suggested the specific name Griffith den Hemxnifei'xtn var. nun- 
tralanica , from Queensland. Also in the same year [Mem Geol. 
Surv. N. S. Wales, Pal., No.5, Pt. ii., pp.126-130, PI xxi., figs. 
1-4, 5 (and Text-fig.fi), 6, 7, H; PI. xxii., figs. 12-15], the same 
author described Phillxpaxu dnbuz , P . gumdia, t*hillipHia spp. 
ind. (two, a and 6), and Griffithxdea , sp. ind. 

(5) . 1903. P. R. C. Reed, M. A., P.G.S. (Geol. Mag., Dec. iv., 

Vol.x., No.4fi7, pp. 193-197) redeseribed Jirachymetopus strzdeckii 
McCoy, and added valuable remarks on its generic and specific 
position. 

(6) .—1917. R. Etheridge, Junr., (Geol Surv. of Queensland, 
Publication No.260) made additional reference to the occurrence 
of Phillipsia grandia in Queensland. 

(7) . —Besides the above descriptions and determinations, R. 
Etheridge, Junr., referred a fragment of a pygidium from West 
Ooerdawandy and the Yaltra Mtns., on the Gascoigne River, 
West Australia, to his species Phiilipnia grandx• (MS.). 

Critical Review of the Carboniferous Triloditks of 
Australia, prkviouslv described. 

Order TRIL0B1TA. 

Family PROETIDjB. 

Genus Brachymktopus McCoy, 1847. 

1. Beach ymetopub btkzelkcku McCoy, Ann. Mag. Nat. Hist., 
XX., 1847, p.231, PI. xii., fig.l. 

Since thiB species was descried by McCoy, no specimens of it, 
or of any other member of the genus, appear to have been found 
by collectors, though on the occasion of the first find at Dun- 
vegan, N, S. Wales, quite a number seem to have been obtained. 

Genu* Phillipsia. Portloek, 1843. 

To Prof. McCoy we owe the first reference to the occurrence 
of this genus in Australia (he. eit. antea). 
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2 . Phillipbia eichwaldi De Kon., (non P. eichwaldi Fischer) 
Foss. Pal. Nouv. Galles du Hud, 1877, Pt.3, p.348, t.24, f.9. 

Under the name of Griffithides (Phillipsia) eichwaldi , De 
Koninck described a trilobite from Colo Colo, N.S.W., and de¬ 
termined it to be P. eichwaldi Fischer; but, as the writer points 
out further on, this determination was evidontly incorrect. Mr. 
Etheridge, Junr.,expressed a similar view (Etheridge, J unr., lylein. 
Geol. Surv. N. S. Wales, Pal. No.5, Pt. ii., 1892, p.124). There 
is little doubt that the presence of this trilobite in Australia 
remains yet to be established. 

3. Phillipbia dubia Etheridge, Junr., (non Griffithides dnbins 
Etheridge, Senr.) Geol. und Pal. Queensland and New Guinea, 
1892, pp.214-215, PI. vii., fig.5; PI. xliv., tig.4. 

Phillipeia dubia Etheridge, Junr., (non Griffithides dubius 
Etheridge, Henr.)Mem. Geol. Hurv. N. H. Wales, Pal. No.5, Pt. ii., 
1892 , p.126, PI. xxi., figs.1-4, PI. xxii., figs. 12, 13. 

The above two forms were considered by Mr. Etheridge, Junr., 
to be specifically identical with Griffithides dnbins Etheridge, 
Henr.; and the latter to be generically misplaced. The writer 
regrets that, with this determination, he cannot agree with Mr. 
Etheridge. It appears to him that neither of the above trilobites 
is specifically identioal with Griffithides dubius Eth. Senr., nor 
with each other. Mr. Etheridge, Junr., when describing the 
trilobite from Binge Berry, Rouchel Brook, New South Wales 
( loc . cit* anted) pointed out that it differed from the Queensland 
form in having eighteen to twenty axial rings in the pygidium 
instead of eight to ten, which is the number in that of the 
Queensland form. This alone is sufficient to separate them 
specifically; but the head-shields of the two also differ. Both 
forms are here treated as separate species. The writer's view 
regarding the Queensland Phillipsia dubia is, that it cannot at 
present be generically or specifically joined with Griffithides 
dubius ; and that the latter species must still be recognised. 
Only the discovery of a number of specimens of this form, show¬ 
ing the stages of development from the immature to the mature 
state, can satisfactorily establish the proper position generically 
and specifically of Griffithides dubius Eth. 8enr v 
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4 . Phillips!a orandis Etheridge, Junr., Geol. and Pal. Queens¬ 
land and New Guinea, 1892, p.215. Etheridge, Junr., Mem. 
Geol. Surv N. S Wales, Pal. No.6, Pt. ii., 1892, Text-fig.5, and 
PI. xxi., fig.5. Ktlieridge, Junr, Geol. Surv. Queensland, Pub¬ 
lication No.260, pp. 11-12, PI. iii., fig 3. 

ft is unfortunate that Mr. Etheridge placed these two forms 
specifically together. They are quite different, and are so 
treated hy the writer. Tn describing them, their differences 
will lx; fully shown As the Queensland form was the one for 
which the specific name graitdis was first suggested by Mr. 
Etheridge, it is proposed that it should continue to be known by 
this name. To the New South Wales one, a new specific term 
will he given. 

The name grandu is quite appropriate for cither of the forms; 
because their pygidia are larger than those of any other known 
Carboniferous trilobite. 

5. Piiillipsia woodwarpi Etheridge, Junr., Geol. and Pal. 
Queensland and New Guinea, 1892, p. 216, PI. 7, figs.ll, 13; PI. 
44, figs. 5, 6. 

This is a singular species, to which some reference will be 
made lator on. 

6. Besides the foregoing species of Phiilipsia , which have been 
specifically determined, Mr. Etheridge described two pygidia 
from Binge Berry, Rouchel Brook, and near Paterson, respect¬ 
ively, and referred them to this genus, but did not give them 
specific rank. 

7. (a) Phillips!a sp. ind. (a), Etheridge, Junr., Mem. Geol. 
Surv. N S. Wales, Pal. No, 6, Pt. ii., 1892, p. 129, PI. xxi, figs. 
6 - 8 . 

(b). Phillipsia sp. ind. (6), Etheridge, Jvmr., op . ciL, p. 129, 
PI. xxii., fig. 14. 

Both of these will be redescribed and named. 

Genus GaifFiTHiDis Portlock, 1843. 

8. Griffithides dubius Etheridge, Senr., Quart. Journ. Geol. 
Soc., 1872, xxviii., p.388, t.18, f.7. 
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The writer is of the opinion that this species should still bo 
recognised. Its description ie the first record of the genus in 
Australian rocks. 

9. Qjuffithides skminifehus De Kouinck (non Phillips 
species) Foss. Pal. Nouv. Galles du Hud, 1877, Pt.3, p.348, t.24, 
f.9, 9a. 

That this determination on the part of De Kouinck was in¬ 
correct, there is really no doubt. It is fully dealt with in the 
observations on the relationship of Phiflipeia colliusi to other 
species, described further on. 

10. Griffithides skminifehus var. AUSThALASiCA Etheridge, 
Junr., Geol. and PaL Queensland and New Guinea, 1892, p.216, 
PI. vii,, fig, 14. 

The material used by Mr. Etheridge for his description of the 
above is before me, and, after close examination of it, I am 
doubtful of the correctness of Mr Etheridge's conclusions. The 
pygidia, by which his conclusions were greatly influenced, have 
each thirteen and eleven axial and pleural divisions rcspecti\ely; 
and, in this respect, agree with pygidia placed by mo with his 
P. woodwardi. All these pygidia agree in their ornamentation. 
As regards the cephalon associated on the specimen with these 
pygidia, it does not appear to differ in any essential from two of 
those included by Mr. Etheridge in his P. woodward t, except 
that, in the latter, the granulation has been worn off by weather¬ 
ing. On the glabella of the former, it is true, no anterior or 
mesial glabellar furrows are visible, but this glabella is a very 
imperfect intaglio. If it should ultimately be shown that this 
fossil is a good species, it will not, even then, be closely related 
to 6V. because it possesses supplementary basal 

lobes, and the latter does not. This difference certainly places 
them specifically apart. It may be stated that, so deposed was 
I to the opinion that this was a separate species, that I had 
written a description of it under a new name, but not being able 
to discern uy difference in the pygidia now under discussion, 
and those ^have placed with P. ivoodwwdi, I deferred final 
judgment* 
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11. Griffitiiides 8WKBT1 Etheridge, Junr., Proc. Linn. Soc. 
N. S. Wales, 1894, p.328, PI. xxxix., f 3. 

The writer has not seen the original specimen. Judging from 
the description and illustration, it is a very unusual type. See 
description further on. 

12. Griffithidbb sp. ind., Etheridge, Junr., Meni. Geol. Surv. 
N. S Wales, Pal. No.5, Pt ii., 1892, p.130, PI. xxii., figs. 15, 16. 

It is not improbable that this may be identical with Phillijma 
colliuMi, 

From the foregoing review, the following conclusions have 
been drawn, viz.: — 

i. That, of the nine species of Australian Carboniferous trilo- 
bites previously described and named, only the Bve following are 
worthy of recognition. 

1. Hraehymetopus atrzeleckii McCoy. 

2. Qriffithides dubius Eth. Senr. 

3. GriffithUes stveeti Eth. Junr. 

4. Philllpaia woodwardi Eth. Junr., Geol. et Pal. Queens¬ 

land and New Guinea, p.215, PI.7, figs.ll, 13. 

6. Philltpsia yrandis Eth. Junr., of which the type is the 

Mt. Morgan form. Mem. Geol, JSurv. N.S. Wales, Pal. 

No.5, Pt. ii., 1892, p.128, PI. xxi., fig.5. 

ii. That the two determinations made by the late Prof. Do 
Koninck are incorrect, and scientifically valueless. 

Family PROETIDjE Steinb. 

Genus Piullipbia Portlock, 1843. 

Dr. H. Woodward’s* description of the genus is as follows:— 
“General form oval; glabella with nearly parallel sides, marked 
by either two or three pairs of short lateral furrows; the posterior 
angles, forming the basal lobes, always separated by a circular 
furrow from the rest of the glabella; eyes large, reniform, surface 
delicately faceted; cervical furrow deep; freef cheeks separated 
from the glabella by the axal (facial) suture, which forms an 
acute angle with the circular border of the cheek in front of the 


* Mon. Brit* Garb. Trilobites, 1883-4, p.ll. 
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glabella; whilst the facial suture cuts obliquely across the pos- 
tenor margin, just behind the eye, leaving a small pointed por¬ 
tion fixed to the glabella by the neck lobe; angles of the cheeks 
more or Iosh produced, margin of head incurved, forming a 
striated and punctured rirn. Thoracic segments nine in number, 
the axis distinctly marked off from the side-lobes or pleura by 
the axal furrows; the abdomen or pygidiutn usually with a 
rounded border, the axis composed of from 12 to 18 coalesced 
segments.’ 1 


Phillips!a colmnsi, np.tiov. 

(Ph xlvi., figs. 1-5; Pl. xlviii., figs. 8, 9; PI. lii. # fig.4). 

Sp. Charm.— Complete form elongately ellipsoidal. 

Vmphalon sub-semiclliptic, moderately inflated, densely tuber- 
culated; glal>ella sub-oblong or sub-bell6haped, narrow, upper 
surface flat, steep and straight sided, densely crowded with pro¬ 
minent tubercles of variable sizes; medially the tubercles are 
arranged in four sublongitudinal rows, those on the anterior part 
are subconccntric; front gently rounded and bearing a concentric 
row of tubercles; lateral lobes and funows distinct, the basal 
pair altogether circumscribed, and bearing a varying number of 
tubercles, one usually much larger than the others; limb narrow, 
with a gentle upward turn, smooth or very finely granulate; 
neck-furrow distinct, narrow, and deep behind the basal lobes; 
neck~riug strong, moderately arched and tuberculate, its lateral 
extensions being narrow; fixed cheeks very small, eye or palpe¬ 
bral lobes bounded by tubercles; eyes apparently crescentic; free 
cheeks unknown. Axial furrows distinct; facial sutures ante¬ 
riorly very gently sinuate (almost straight) and close to the 
axial furrows; posteriorly straight, and almost at right angles to 
the axial line, and at last cutting the fixed cheeks with a sharp 
backward turn. 

Tharas oblong, moderately inflated and granulated; axis pro¬ 
minent, the rings centrally and at the bases mildly curve forward; 
bases feebly tuberculated, width equal to that of one side-lobe, 
mVlian sulci of the rings narrow; pleura convex, medial furrows 
of Wh segment wide and shallow* and reaching the distal end, 
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which is rounded; each posterior segmental ridge bears a row of 
tubercles, as do albo the axial rings; axial furrows distinct. 

Pygidinm semi-ellipsoidal, moderately tumid and strongly 
tuborculate; proportion of length to width equals 3; 4 approxi¬ 
mately; axis has fourteen rings, prominent, dorsally depressed, 
sides steep, contracting very gradually posteriorly to about half 
the anterior width, terminating bluntly and somewhat overhang¬ 
ing the border, the rings bearing tubercles which vary in number 
with their spread from two or more on the posterior ring, to 
eight on the anterior ones, and not exactly forming longitudinal 
rows; axial furrows pronounced; pleune very convex, arching 
from the axial grooves at first gently and then steeply to the 
narrow furrow separating them from the border, where all the 
segments, except the anterior pair, end, segments ten in number, 
each succeeding one having a gently backward trend, and dimin¬ 
ishing in length till the last two pairs are represented by mere 
tubercles. Each segment bears a row of tubercles along the 
posterior ridge varying in number with its length, from one to 
ten, uud perhaps in some instances more; medial segmental 
furrows wide and shallow, reaching to the faint furrow within 
the border; tho border itself is fairly wide, and thickened, and, 
in normal specimens, has the same convexity as the pleural ribs; 
it bears a row of conspicuous tubercles usually placed in line 
with each rib, and three to five behind the axis, these tubercles 
being occasionally elongated or double; when the thickened por¬ 
tion is removed, the undersurface shows concentric striatious, 
which is a common feature in the Proetida. Only the first pair 
of the pleural segments interrupts the continuity of the bolder. 

0b$ — This species is quite singular. Its outstanding features 
are:—1. The narrow, straight-sided glabella. 2. The crowded 
and conspicuous tubercul&tion of the glabella. 3. The equality 
of the lengths of thepygidium and thorax. 4. The width of the 
thorax, which equals half the total length of -the complete indi¬ 
vidual. 5. The closeness of the eyes to the axial,groove. 6. The 
straightness of the anterior branches of the facial sutures, and 
their parallelism to the axial furrows. 

Dimensions; total length of an individual not quite mature, 
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one inch; width, half an inch; cephalon, one-quarter inch; thorax 
and pygidium, each three-eighths of an inch. 

In the proportions of length to width, and the character of 
tho pygidial granulation, this trilobite agrees with P . getnmu- 
li/era Phillips, with which it also agrees in the equality of the 
lengths of the thorax and pygidium. In other specific features, 
they differ. Tu the cephalons and pygidia of P collinsi and P . 
iruncntuln , there is much common to the two. They agree in 
possessing narrow, straight-sided and tulierculate glabella*, eyes 
close to the axial furrows, and similarly tubercul&ted pygidia; 
but the tuberculation on the glabella of the former is much more 
pronounced than it is on the lAtter, and the sinuate course of the 
anterior branches of the facial sutures of the latter is more pro¬ 
nounced than that of the former. The pygidium of P truncatula 
has seventeen or eighteen simulations in the axis, and fourteen 
divisions in each pleura; but in P. collinsi, these parts 
number fourteen (or thirteen and a terminal piece), and ten 
respectively. In the former, the pygidium has no border, and 
the pleural ribs extend to the periphery; on the other hand, the 
latter species has a very distinct pygidial border, which, oxcept 
in the case of the anterior pairs, the pleural ribs do not cross. 
The tubercles of the pygidial axis of the former are arranged in 
longitudinal rows; this is not quite so with those of the latter. 
Of the North American Phillipsiae, the nearest relative to ours 
appears to be P. insignia, which apparently has the same number 
of divisions in the axis and pleura of the pygidium, as are in 
the similar parts of P. collinsi. The tuberculation of the axial 
rings is much alike in the two species. In other respects, they 
differ rather widely. The only Australian Carboniferous trilobite 
fragments bearing any resemblance to P. collinsi are two pygidia 
described and figured, but not named, by Mr. Etheridge, Junr.* 
The one pygidium he placed in the genus Phillipsia ( loc . cii ., PI. 


xxii., tig. 14). It agrees with P . collinsi in possessing fourteen 
rings in the pygidial axis, and in having a tuberculate test; but 
differs in having a continuous, smooth, flattened border, and 
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twelve pleural segments, and less disparity between length and 
width of the pygidium. 

The pygidium (toe. c»f., PI. xxii, fig. 15) placed by Mr Ether¬ 
idge in the genus Qriffithides, bears a resemblance to the present 
species in the character of its border and granulation, and in 
having the same number of pleural segments; but its axis has 
less rings, and ends in a sharp point. 

Lastly, referring to De Koninck’s P. (Griffithidet) eemini/era 
(non Phillips sp.)* from Colo Colo. The dimensions, number of 
rings in the axis of the pygidium, character of the granulation 
generally on the pygidium and thorax agree closoly with similar 
features of A\ collinei] but the two forms widely differ in the 
outlines of their glabellas and pygidia, if De Koninck’s figures 
are to be relied upon, which is doubtful, as they do not agree 
with the text. In the former, the glabella is represented as 
being conical in outline; and, in the latter, it is said to have an 
anterior width slightly less than that of its base. Whatever 
* Phillipeia (Grijpthidee) aemini/era De Koninck, may have been, 
it is practically certain it was not Griffithidea semtni/erue 
Phillips; but it may have been identical with the present species. 

Named after Mr. Collins, C.C.M., Lecturer in Coalmining and 
Mine Surveying at the Newcastle Technical College. 

Loc and /for,—Glen William Road, one mile from Clarence- 
town, Parish Parr, County Durham. Lower(?) Carboniferous. 

PH!LI*IP8IA. COULTEIU, Sp.tlOV. 

(Plate xlvi., figs 6-10). 

Sp . Chare .—Complete form subelliptic. 

Cephalon sub-semielliptic, fairly inflated, finely granulated: 
glabella subrectangular, rounded in front, lateral furrows and 
lobes not visible, owing to the loss of the part bearing them, and 
the exposure of the hypostoine; neck-furrow shallow, its lateral 
extensions across the oheeks shallow and wide^ neck-ring narrow; 
axial furrows faint. Fixed cheeks small. Free cheeks relatively 
large, strongly inflated, steep between the eye and border-furrow, 
which is wide and shallow, outer edge of border only moderately 

* PaL Fobs. Nouv. Gallon du Hud, 1877, p.267, PI. xxix., figs, 9, 9a. 
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thickened. Eyes prominent, large, crescentic and faceted, 
(jenal angles rounded. Hypostonie alate, shield like, and striated 
in the fashion common to Phillipsiw. 

Thorax 11 mm. wide and 9 turn, long, appearing to have l>een 
finely granulated, with a few scattered tubercles; Btraight-sided. 
Axis very strongly and acutely arched, rings, centrally and 
liasally, strongly inclined anteriorly, each one bearing along the 
medial line a rather prominent tubercle, giving the axis through¬ 
out a serrated character; spread equal to that of one side-lobe, 
mildly tuberculate, height and width diminishing gradually pos¬ 
teriorly, axial grooves faint. Fleune gently rising from the 
axial grooves to the fulcra, thence steeply deflected, mesial fur- 
raws of the somites shallow and wide, and reaching the extremi¬ 
ties, which are rounded; along the fulcral line each rib bears a 
tubercle on the posterior ridge, und there is evidence of the 
presence of general fine tuberculatiou or granulation. 

Pygidinm semielliptio, length 8 nun., width 10 mm. Axis 
very prominent, the first ring having a medial forward trend, * 
rings eight or nine, counting the end-piece, which is buttress¬ 
like, and ends at the border in a rather fine point, and bears a 
subconspicuous tubercle. Pleura; with seven divisions, all rather 
inconspicuous in the specimen (decorticated) serving for this de¬ 
scription, moderately convex; mesial furrows very shallow and 
reaching to the faiiit furrow within the border, each segment 
bearing a tubercle at the fulcral angle, and showing traces of 
other tuberculation, as do also the axial rings; the border is 
relatively wide, steep, gently thickened, and bounded inwardly 
by a faint furrow, and is crossed only by the first pair of ribs. 

Ohs.—Though the glabellar furrows and lobes are not visible 
in the specimen described, the shape of the glabella and character 
of the hypostome leave no doubt as to its being a Phillipsia, and 
the specimen is one of the finest of this genus yet discovered in 
Australia. It differs so widely from other Australian species 
that there is no need to detail its relationship, 11 bears no close 
relationship to any of the American Phillipsia referred to in 
Brigadier General A. W. Vogdes’ Monograph.* 

* “The Genera and Species o! North American Garb. Trilobites,” 
Annuls it. V. Acad. Sci., 1888, vi. 
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The species has been named after Mr* E. Coulter, of Katoomba, 
an enthusiastic student of geology, who discovered and presented 
the specimen to the author. 

Loe. and Hot *— Stroud-Dungog Road, near Dungog, Parish 
Howick, County Durham. Lower Carboniferous 

PlIILMPSIA BKKVICKPS, Sp.nov. 

(Plato xlvi., figs. 11, 12; and Plate li., fig.2), 

Sp . Chars . --Complete form unknown. 

Cephalnn apparently subsemicircular, finely granulated. Gla¬ 
bella straight-sided, rounded in front, very gently convex, 
highest just in front of the neck-furrow, smooth, though a lens 
shows evidence of microscopic granulation, two pairs of lateral 
furrows visible, basal and mesial. The former very shallow and 
circumscribing the basal lobes, which are large and pyriform; 
the other narrow; neck-furrow narrow and shallow; neck-ring 
relatively wide, decidedly arched backwardly and lobed at its 
liases; frontal limb narrow and gently recurved. Fixed cheeks 
very small, eye-lobes small, and abutting the axial furrows. 
Facial sutures anteriorly rather straight and close to the axial 
furrows; eyes of moderate size only, judging by the size of the 
palebral lobes. 

Thwax unknown. 

Pyyidium sub-semielliptical, moderately convex, very finely 
granulated; width lOmrn., and length 7 mm. respectively. Axis 
prominent, consisting of thirteen rings, and a very narrow end- 
piece, spread equal to that of each side-lobe, contracting very 
gradually posteriorly, and terminating short of the border, 
rounded and bluntly, with half its anterior width; Borne of the 
rings bear very fine tubercles, barely distinguishable without 
the aid of a lens; side-lobes moderately convex, with ten, or 
doubtfully eleven, pairs of segments, of which the medial furrows 
are distinct, and, in the case of the four anterior pairs, at least 
reach the edge and interrupt the narrow border; a few of the 
posterior segments bear very small tubercles at their junction 
with the border, and three similar tubercles occur behind the 
axis, on the axis itself Centrally the posterior ridges also bear 
fine tubercles. 
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06*.—Aa will he Apparent from a comparison of the above 
description with that of P, derbiensu Martin, the two fossils 
agree in several important features, For example, in both the 
glabella is parallel-sided and practically smooth,*anterior facial 
sutures rather straight and close to the axial furrows, eyes reni- 
forni, pygidial axis with thirteen rings, and ten segments in the 
pleura; and the pygidial borders obsolescing before reaching the 
articulating face; in the equality of maximum widths of the axes 
and pleura of the pygidia (this is only true in the case of the 
above species when the pleura are measured obliquely, and not 
the actual horizontal widths; if measured in the latter way, the 
axis is wider than one pleura) and the faint tendency to orna¬ 
mentation on these parts. Against these resemblances, there 
are the following differences to be considered. The length of 
the glabella of the local species, measured from the neck-furrow 
to its front, is equal to its width between the axial furrows 
across the basal lobes; in that of }*, derbiensit, these dimensions 
are respectively about 4 ; 2. The eye-lobes are shorter, and the 
frontal border wider, neck-ring more intensely arched posteriorly 
in the local form than in the British one. The distinct lohation 
of the bases of the neck-ring, relatively short cephalon, and the 
almost equality of the lengths of the cephalon and tail are very 
marked features in the local species, separating it from the other. 
Then there is the distinct, though fine, granulation, more or less 
tuberculation of the pygidium of the form now described, as 
against a practically smooth one in the other. Further, judging 
from the anterior pair of pleural segments of the pygidium, the 
thoracic pleural ribs were not imbricated, in the case of the local 
species. Although undoubtedly closely related to each other, I 
have concluded that the differences between them are sufficient 
to justify their separation specifically. 

The glabella of the above species and Proetw missouriensis 
are much alike. I am indebted to Brigadier General Vogdes’ 
paper cit., antea) for the references made to American Car¬ 
boniferous trilobites. 

Zac. and Hot *—Neigh hour hood of Port Stephens, probably 
from near Bulladelah. Carboniferous. 
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Phillipsia proxima, sp.nov. 

(Plate xlvi., figs. 15,16). 

Sp Chart.—Pytjidtum semielliptical, fairly convex, practically 
smooth, so fine is the granulation. Length 12inm., width 15 
mm. Axis strongly convex, rings twenty, tapering posteriorly 
very gradually, and ending bluntly at the border, with a spread 
of about half that of the anterior ring; axial furrow shallow, but 
distinct. Pleura gently convex, consisting of twelve pairs of 
ribs, the last one or two very short and faint, all terminating at 
the border, which is continuous to the articulating face and sub- 
depressed; medial furrows of the segments, except in the cases 
of a few of the posterior pairs, tfcll defined, anehylosing ridges 
also fairly prominent; furrow separating border and pleural ribs 
distinct. 

Obs,- This pygidium agrees with that of Phillipsia eishwaldi 
Fischer, in the continuous smooth and somewhat depressed 
border, and the character of the pleural segments. The most 
important differences between them are—(1) the pygidium of 
P. eichivaldi is just as wide as long, is distinctly granulated, and 
the distal axial end does not seem to be prominent. The 
pygidium above-described has a length only four-fifths of its 
width, and is practically smooth. The total length of the pygidia 
of mature individuals of the former, as shown by the beautiful 
figures in Dr. H, Woodward’s work* is 9-6 mm., that of the 
latter is 12 mm. The large number of rings in the axis of ours 
places it far apart from the other. Named because of its close 
resemblance to P. eichivaldi Fischer, in shape. 

Loc. and llor .—Glen William Road, near Clarencetown, Parish 
Parr, Oounty Durham. Lower Carboniferous. 

Phillipsia(I) robusta, sp.nov. 

(Plate xlvii., figs.l and 8). 

Phillipsia grandxs Eth.fi)., Mem. Geol. Surv. N. S. Wales, No. 
5, Pt. ii., 1892, p.128, text-fig.fi (non PI. xxi., fig.fi). 

Sp* Chars*— Cephaton and thorax unknown. 

Pygidium subsemicircular, strongly convex, very finely granu- 

* Mon. Brit. Garb. Trilobites, 1883-4, PL iv., figs. 9 and 13. 
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late, greatest width 44 mm,, length a J6 mm., (the width here given 
is what the writer considers to be the normal, and is calculated 
from the width of the left side-lobe and half the spread of the 
axis, because the right side-lobe is distorted). Axis fairly pro¬ 
minent, evenly arched without any decided Itackward or forward 
inclination of the antiulations, of .which there are fourteen; the 
furrows of these are wide and V-shaped in section, ridges high, 
edged, and bore some small tubercles, bases not tuberculate. 
Axial furrows shallow. Pleurae very convex, arching strongly 
from the axial furrows, and showing no decided fulcra; segmental 
divisions twelve pairs, which reach to the l>order, and are only 
gently directed posteriorly, except in the case of the last two 
pairs; their mesial furrows are V-shaped, wide, and reach to the 
border, ridges high and chisel-edged, and show no sutures, hence 
the pleural segments in this pygidium were very completely 
fused: some of the ridges exhibit evidence of very fine and sparse 
tuberculation, anterior pair faceted. Border continuous, wide, 
steep, and its undersurface concentrically striated. 

Ob *.—This pygidium was described and figured by R. Etheridge 
Junr.,* and considered by him to be identical with a pygidial 
fragment from near Mt. Morgan, Queensland, and for which he 
had previously suggested the name Phillipgia grandig .t Mr. 
Etheridge figured this Queensland specimen, when dealing with 
some New South Wales trilobites.^ The writer is unable to 
accept Mr. Etheridge’s determination of the identity of these 
two pygidia, for the following reasons. 1. The part of the 
pleural lobe preserved on the Queensland pygidium shows fifteen 
segments, and, when complete, without doubt had several others, 
as against twelve in the New South Wales one. 2. Though the 
Queenslqpd tail, when complete, was apparently longer than 
that of the New South Wales specimen, the greatest width of 
its pleural lobes was only 10 mm., as against 15 mm. for that of 

# Mem. GeoL Survey N. 8. Wales, Pal. No.5, Pt, ii., 1892, p. 128, text- 
fig.5 (non FI. xxi., flg.5). 

t Jack and Etheridge, GeoL and Pal. of Queensland and New Guinea, 
1892, pp.215, 216. 

t Mem. GeoL Survey N. S. Wales, Pal No.5, Pt, ii., 1899, PL xxL, flg.5. 
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the latter. 3. In the Queensland one, the pleural segments 
along the ridges are separated by very distinct sutures; in the 
other, this is not so. 4. In the Queensland one, the border is 
not nearly continuous, for the three anterior pairs of pleural 
segments reach to the edge of the lobes, and these are the only 
ones which are perfect on the portion of the left and pleural lobe 
of the specimen. 5. The mesial furrows and ridges of the pleural 
segments are not alike in the two. 6. In the Queensland tail, 
there were not less than sixteen or more axial rings, but fourteen 
only In that of the other. 7. The axial grooves are deeper in 
the specimen from Queensland, than in the one from New South 
Wales. The two agree in the character of their granulations; 
but that of the Queensland one is the coarser. 

That the Queensland pygidial fragment represents a new 
species of either Phillipsia or Griffithides, there is no doubt; 
and, to it, ray proposition is to apply the name Phillipsia grandis, 
first suggested for it by my friend, Mr. Etheridge. 

P . robusta differs from all species of this genus, or of Griffith- 
ides known to me. Mr. Etheridge, too, noted ( loo. cit.) how 
different it was from foreign Carboniferous trilobites. 

Loc . and Hor. —Swain’s Conditional Purchase, seven miles 
south-east of Carroll, County Buckland (D. A. Porter). Car¬ 
boniferous. 

'Fh 1LI<IP8IA(?) HTROUDENSIS, Sp.nOV. 

(Plate xlvi., fig. 14; Plate li., fig. 11). 

Sp. CharsCephalon and thorax unknown. 

Pygidium semielliptic, densely and finely granulate, moder¬ 
ately oonvex; greatest width 17 mm., length 16 mm. Axis only 
moderately convex. Consists of twenty annulations, a few of 
the anterior of which have a very gentle forward inclination, 
centrally and basally; contraction posteriorly very gradual, 
terminating bluntly, and rounded at the border, with half the 
anterior width (3 mm.), medial furrows of the rings wide and 
shallow; anohylosing ridges not very prominent, but distinctly 
granulated, anterior spread slightly less than that of one side- 
lobe. Axial furrows faint. Pleura moderately oonvex, seg¬ 
ments fifteen, the last faint} anterior pair faceted, all finely and 
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distinctly granulate, reaohing to the border, and gently inclined 
backward (falcate). Medial furrows wide and sbal1ow f reaching 
the border, ridges low. Border continuous, narrow anteriorly, 
gently increasing in width posteriorly, flat, densely and finely 
granulate. 

0b$. —This is a fairly large pygidium, as the dimensions given 
will show; but it is, in this respect, exceeded by both of the 
forms placed by Mr. R. Etheridge Junr., under the name of P . 
grandi«; but it has no specific relations with either of them. In 
the number of axial rings, it agrees with P . tlongata, but not in 
other features. It is different from all the British Phillipsin 
the writer has been able to compare it with; and the same is 
true as far as the North American species are concerned. 

Loe and Hot .— Stroud, County Gloucester, N.S. W., associated 
with Orihii retupinata and Spiri/er ttriatu*. Lower(?) Car¬ 
boniferous. 

Phxllipsia buperba, sp.nov. 

(Plate xlviii,, flg.15; Plate lii., flg.S). 

Complete form unknown. 

Sp.Char*. — CephcUon semicircular or very nearly so, microscopi¬ 
cally granulate, practically smooth; length 6 mm., width just on 
double its length. Glabella subfiddle-shaped, or suboblong with 
a very gently rounded front, practically smooth, very slightly 
convex, and decidedly contracted at the middle; three glabellar 
furrows (doubtfully four), anterior pair or pairs very short, mesial 
pair falcate and very faint, posterior pair faint at their origin; 
inwardly wide and deep. Anterior and mesial lobes ill-defined, 
the latter indistinctly separated from the basal pair, which are 
small, reniform, and prominent, standing out from the posterior 
part of the glabella, like tubercles. Neck-furrow distinct, with 
a decided central and basal forward curve, its lateral extensions 
straight and well-defined, joining with the lateral furrows of the 
free cheeks within the genal angles. Neck-ring strong, convex, 
centrally and basally anteriorly inclined, bases also gently tuber* 
eulate; lateral extension narrow and not prominent. Axial 
grooves relatively narrow, deep, and sinuate. Limb narrow, 
with gently thickened and mildly raised margin. Facial sutures 
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anteriorly gently sinuate, and posteriorly shortly obliquely 
curved. Fixed cheeks very small, palpebral lobe almost linear, 
but convex. Free cheeks relatively fairly large, subdepressed, 
border wide, depressed; margin very slightly thickened, furrow 
shallow, linear; bands just within the border, and the similar 
bands under the shallow, wide furrows beneath the eyes, bear 
rows of granules. Oenal angles apparently rounded. Eyes 
relatively large, reniform and faceted. 

05$.—This cephalon is clearly separated from all other known 
Australian Phillipsiee. In the shape of the glabella and possibly 
in the possession of four glabellar furrows, relative sise and 
situation of the eyes, it bears likeness to P. eichtvaldi; but it 
differs from that species in having a nearly semicircular cephalon, 
rounded genal angles, and in the absence of distinct cephalic 
granulation, and of genal spines. Also, it resembles P derbiensis 
Martin, in the form of the glabella, small free cheeks, and char¬ 
acter of its facial sutures, small palpebral lobes, rounded genal 
angles, and widely differs in other respects. No North American 
Phillipsiee known to the writer, have any close relationship with 
this one. 

Loc . and Hot .—Supposed to have been obtained near Dungog, 
N.S.AV. 

PHILLIPBIA(I) WATERHOUSE!, Sp.nOV. 

(Plate xlviii,, figs, 16-18; Plate Hi., fig.7). 

Complete form oval. 

Sp. Chars.—Cephalon subsemicircular, greatest length and 
width approximately 2 mm., and 4 mm., respectively; finely and 
densely granulated. Glabella subcylindrical, narrow, very convex, 
anteriorly sloping to the border rather steeply, basal glabellar fur¬ 
rows small; the anterior and mesial pairs are visible on the cover, 
basal lobes small, neck-furrows wide and deep, lateral extensions 
similar; neck-ring strong, very convex, its lateral extensions also 
strong; frontal limb narrow and close to the glabella. Facial 
sutures, anteriorly, only gently diverging laterally in their course, 
posteriorly short and oblique. Fixed cheeks small. Free oheeks 
moderately large and strongly inflated, borders relatively wide 
and depressed; genal angles produced into spines apparently ex- 
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tending almost to the distal end of the thorax. Eyes cresoentie, 
relatively large, faceted and depressed. Axial grooves shallow. 

Thorax apparently has the normal number of somites, eight 
being plainly recognisable by the aid of a lens, the whole surface 
finely granulated. Axis strongly and rather acutely arched, as 
wide anteriorly as one side-lobe; posteriorly diminishing gradu¬ 
ally, the fourth ring appears to be much stronger than the others, 
and resembles in this respect the neck-ring; all the rings are 
directed anteriorly, and bear a row of very fine granules on the 
ridges. Side-lobes strongly convex, ridges and valleys of the 
segments strong and deep respectively, ridges bearing rows of 
fine granules; segmental extremities faceted. Axial furrows 
narrow. 

Pygidium subtriangular, fairly inflated, granular throughout 
in a way similar to the thorax; axis prominent, diminishing 
rapidly posteriorly, .and terminating at the border with a moder¬ 
ately fine point; the rings appear to be eight in number. Bide¬ 
lobes convex, made up of six pairs of segments, apparently. 
Border narrow, steep and continuous. 

Obi .—In so small a specimen, it is a difficult matter to clearly 
distinguish its features; but, under a lens, they become discerni¬ 
ble. The glabella in shape slightly resembles that of a Griffith* 
ides; and had it not been for the presence on it of three pairs of 
glabellar furrows, I would have placed it in this genus. It is 
the smallest and most perfect Carboniferous trilobite belonging 
either to Fhillipsia or Griffitbides obtained in Australia. It 
may represent only an immature individual, but still mature 
enough to have all its chief parts developed. 

In the shape of the glabella and of the pygidium, this species 
is not unlike PhillipHa leri Woodw., and P. minor Woodw. 

Dedicated to J. Waterhouse, M.A., Government Inspector of 
Schools. 

Loo. and Hot. —Probable Paterson or Dungog Diltriot, N.S.W. 
Carboniferous. * 

PhILUFSIA SLON0ATA, Sp.DOV. 

(PI, xlviL, figs.3-5; PI. xlviii., fig. 14; and PI, L, figs.4-7). 
mUipoia duhia Kth. fil., Mem. Geo). Surv. N. S. Wales, PM. 
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No. 6, Pt. ii., 1892, pp.126, 127, PI. xxi., figs. 1-4, and FI. xxii., 
figs. 12, 13. 

- Complete form elongately oval. 

Sp, Chart,—Cephalon sub-semielliptic, smooth, only moder¬ 
ately inflated, greatest length 12 mm., width between thegenal 
angles 18 mm. Glabella long, narrow, sub-bellshaped, convex 
and prominent, highest between the anterior lateral furrows, and 
from thence sloping to the front, which is gently rounded; lateral 
furrows distinct, first pair short, linear and gently curved, 
middle pair linear with a posterior curve, posterior pair wide, 
shallow and circumscribing the basal lobes, which are relatively 
small and subova]. Neck-furrow shallow, its lateral extensions 
shallow. Neck-ring narrow, with a strong forward inclination, 
its lateral extensions also narrow. Frontal border fairly wide, 
especially at the antero-lateral angles. Facial sutures strongly 
sinuate anteriorly, and posteriorly obliquely crossing the fixed 
cheeks nearly in a line with the outer edge of the thorax. Axial 
furrows deep. Fixed cheeks small. Eye-lobes small, crescentic 
and elevated. Free cheeks relatively large, depressed, border 
wide, space between the border and furrow beneath the eyes 
short and steep; and immediately under the eye is a groove. 
Eyes large, subcrescentic, very distinctly faceted, and wider 
behind than in front. Genal angles spinate, the spines evidently 
long. Thorax with the normal number of somites; length two- 
thirds of the greatest width, sides subparallel, surface smooth or 
very finely granulate. Axis prominent, rings with a distinct 
forward inclination centrally, and showing slight indication on 
the ridges of granulation, spread equal to one side-lobe; axial 
furrows faint; side-lobes sloping gently from the axial furrows 
to the fulcra, thence sloping fairly steeply. Mesial furrows of 
the somites distinct, and reaching to the extremities, the anterior 
somites shorter than the posterior ones. 

Pyyidium sub-semielliptio, convex, greatest widtl} nearly equal 
to the greatest width of the thorax, and consequently just on 
one-third greater than the thoracic length. Axis very prominent, 
tapering gradually, and ending just within tha border at half 
the anterior width, rather prominently and rounded; annula- 
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tions twenty, strongly arched; axial furrows distinct; side-lobes 
strongly convex, their greatest width equals the anterior spread 
of the axis; segments fourteen, all terminating at the inner 
boundary of the narrow border* 

06s.~This very fine trilobite was described by Mr. R. Ether¬ 
idge/ and was determined by him to be identical with his P. 
dubia ,t remarking, however, that the form now dealt with 
differed from the Queensland one in the possession of eighteen 
to twenty annulations in the pygidial axis, while the former had 
only eight to ten. This of itself appears to the writer a sufficient 
difference to justify the separation of the two forms specifically, 
for, in no instance, has he found any Phillipsia, or indeed any 
member of the Proetidae, presenting such a wide variation in the 
axial annulations of its pygidium as is exhibited by these two 
forms. But there are other differences between the two forms 
of even greater specific importance than this one. The eyes 
and front limb of the glabella of P. elongate are relatively very 
much larger than those of P, etenvellenete (P. dubia Eth. til.). 
In the former, the facial sutures are more sinuate, the free 
cheeks more depressed, eyes more squat on the cheeks, lateral 
furrows of the free cheeks wider than they are in the latter. The 
neck-ring and thoracic axial rings in the former are non-tuber- 
culate basally; in the latter, these are tuberculate; the glabella 
of the former, too, is relatively longer and straighter-sided than 
is the case in the latter. The former has a relatively narrower 
pygidial border, and is of a much larger growth than the other. 

The two forms, in many of their features, belong to the same 
typical group of Phillipsiae, in which the glabella diminish in 
width anteriorly, and are sub-bellshaped, and the facia] sutures 
strongly sinuate in front of the eyes. The British P. iruncatula 
is a good representative of the group. 

Log. and //or.—Binge Berry, Roucbpl Brook, Hunter River, 
County Durham: (l)Allyn River, half a mile north-east of Gres- 
ford; County Durham (Cullen). 

* Mem. Geol. Survey N. S. Wales, PsL No,5, Pt fi., 1892, pp. 120-8, 
t OeoL and Pal Queensland and New Guinea, p. 215, PL 8, fig. 5. 
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PWLLIPSIA ROCKHAMPTONIR8IS, Sp.DOV. 

(Platexlix., figs* 9, 10; Plate 1., figs. 8,9). 

Fhillipaia dubia Etheridge, fil. t Geol. and Pal. Queensland and 
New Guinea, 1892, pp.214-216, P1.44, fig.4. 

P. ivoodwarai Eth. fil., op. oxt % p. 216, P1.44, fig.6. 

Complete form oblong-ovate. 

Sp. Char*. — Cephalon sub-semicircular, appearing to have been 
very finely granulated. Glabella subcylindrieal or conical, 
widest across the basal lobes, two lateral furrows visible on the 
left side, basal pair wide, deep, and very distinctly joining the 
neck-furrow, basal lobes small, very prominent and sub-pyriform; 
neck-furrow deep centrally and shallowed laterally by a very 
mild swelling behind the basal glabellar lobes, which can barely 
be said to be supplementary lobes, its lateral extensions shallow; 
neck-ring stronger and more convex than any of the axial rings, 
very faintly tuberculate at its base, front limb narrow, the 
margin being upturned and gently thickened; axial grooves 
narrow; fixed cheeks small; eye-lobe relatively large aud gran¬ 
ulated; free cheeks fairly large, only moderately tumid, depressed 
but posteriorly high and sloping steeply into the posterior 
furrow, distinctly channelled under the eyes, lateral furrows 
wide, lateral borders of moderate width, mildly tumid, under¬ 
surface striated; facial sutures not distinguishable anteriorly, 
and posteriorly obliquely crossing the fixed cheeks rather dose 
to the axial grooves; eyes of medium size, reniform, faceted, 
promineut and vertically narrow, genal angles bearing long 
spines. 

Thorax oblong, length equal to the width of the axis and one 
side-lobe, granulations microscopic, somites of the normal num¬ 
ber, axis strongly convex, wider than one side-lobe, diminishing 
posteriorly very gefttly and uuiformly, anterior width in the 
specimen under notice being 6 mm., and the posterior width 
4 mm.; each individual ring has a decided anterior trend cen¬ 
trally and tuberculate bases, ridges and valleys narrow, and on 
the former the articulating Beams are plainly visible; side-lobes 
convex, steeply deflected from the fulcra, segmental ends strongly 
faceted, axial grooves narrow. 
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Pygidium sub-semicircular or sub-semielliptie, length 7 mm., 
greatest width 12mm., convex, distinct indications of granulation 
present; axis prominent, strongly convex, diminishing rapidly 
posteriorly, ending prominently near the margin of the border 
with about one-fourth of its anterior spread, its rings are twelve; 
axial grooves distinct; side-lobes convex, consisting of eight 
pairs of segments, the last two pairs being rather indistinct, first 
pair faceted; border of moderate width, gently tumid, continuous 
to the anterior pair of segments; undersurface striated. 

Obi .—This fossil was included by Mr. Etheridge with his 
species PhiUipiia dubia (op ott.), but not separately described. 
For so placing it, there appears to me to be insufficient reason. 
That the trilobite here described is not identical with Mr. 
Etheridge’s P. dubia (P. $tanvellensi$ mibi) may be made plain 
by an explanation of their differences. 

(1) . The free cheeks and eyes are different, as are their glabella*; 
for though the glabella of the present species is not perfect, 
there is sufficient of it preserved to show that, anteriorly, it 
neither contracts nor droops as does that of P. dubia (P. 
sianveUetuii). 

(2) . The neck-furrows of the two also differ. . 

(3) . The axis of the former is wider than one side-lobe; in the 
latter, the axis is narrower than one side-lobe. 

(4) . The axis of the former is much less prominent than that 
of the latter 

(5) . In the former, the length of the thorax is much greater 
than its cephalic or pygidial length; in the latter, both the 
oephalon and pygidium are longer than the thorax. 

(6) . In the latter, the anterior pleural segments of the pygidium 
show distinct bifurcation; this is not visible in the former. 

(7) . The genal angles of the former are strongly spinate; those 
of the latter are not yet proven to be so. 

(8) . The middle lobe of the one is wide and moderately convex; 
that of the other, narrow and very convex. 

(9) . The angulation of the free cheeks of the former posteriorly, 
and their steep slope into the furrow are very marked, but this 
is not so in the latter. 
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The above differences clearly separate the two species. From 
a)] other Australian species, it is easily distinguished. 

Loe. and Hot .—Rockhampton district, Corner Creek, Great 
Star River, Queensland. Carboniferous. 

Phillipbia starvkllenbis, sp.nov. 

(Plate xlviii., figs. 10-13; Plate li., figs.8-10). 

Philliptia dubia Eth. ill., Geol. and Pal. Queensland and New 
Guinea, 1892, pp.214-215, PI.8, fig.5. 

Complete form clongately ellipsoidal. 

Sp. Chart.—Cephalon sub-seinielliptic, strongly inflated, prac¬ 
tically smooth, length 6 mm., width between the gen&l angles 
9 mm. Glabella bell-shaped or Bubconical, high posteriorly, with 
a steep anterior droop to the front limb, microscopically gran¬ 
ulated, three pairs of lateral furrows, basaj pair shallow, the 
others faint; basal lobes very prominent, relatively small and 
round, mesial pair subquadrate and about equal in size to the 
basal pair, front pair well-defined. Neck-furrow shallow cen¬ 
trally, but rather deeper behind the basal glabellar lobes, its 
lateral extensions across the fixed cheeks shallow; neck ring 
narrow, strongly arched, and its bases tuberculated, lateral ex¬ 
tensions weak; front limb narrow, gently thickened, and turned 
almost on to the front of the glabella; facial sutures anteriorly 
only moderately sinuate, posteriorly oblique and crossing the 
fixed cheeks in a line with the fulcra of the thoracic segments. 
Free cheeks relatively large and steep, border moderately wide 
and strong, lateral furrows linear and faint. Eyes of moderate 
size, densely and finely faceted, subcrescentic, and rising steeply 
from the shallow grooves of the cheeks just below them. Geual 
angles acute, but apparently not spinate. 

Thorax: -length two-thirds of width approximately, and 
anterior and posterior widths equal; number of somites small, 
smooth. Axis very prominent, rings arched forward both oen- 
trally and basally, bases also tuberculate, centrally each ring is 
rather acute, which gives to the axis when viewed sideways a 
mildly serrated aspect; ring-furrows rather deep, ridges high and 
narrow (in decorticated specimens), greatest width S mm., and » 
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wider than the pleura if measured horizontally. Axial grooves 
linear. Side-lobes between the axial grooves and fulcra almost 
horirxmtal, thence nearly perpendicular; somites apparently 
faceted, medial grooves very shallow, ridges feeble. 

Pygidium seraielliptic, length 6 mm., width 7 mm., smooth. 
Axis very prominent, made up of twelve if not thirteen annula- 
tions, but not more than ten usually visible owing to the slender¬ 
ness of the posterior ones. Posteriorly it contracts gradually, 
and ends a little short of the border with about half the anterior 
width; in some specimens, the rings centrally show emargination 
and other indications of having borne fine tubercles. Axial 
grooves faint Side-lobes convex, consisting of eight pairs of 
segments whose valleys and ridges are inconspicuous, and the 
ends, as they approach the border, bifurcate, or, more correctly, 
the sutures widen out and make the segments appear to have 
free ends; the individual segments have little or no backward 
curve, and the last two pairs are indicated merely by a very faint 
ridge and tubercle; border continuous and relatively wide, con¬ 
centrically and finely striated underneath, only slightly thickened 
and separated from the segments by a fine suture. 

06«.—This beautiful trilobite was originally described by 11. 
Etheridge, Junr., and with it was joined Grijffithide§dubiu$ Ether¬ 
idge, Senr., for reasons not explained. All the evidence avail¬ 
able leads me to conclude that the two arc not specifically the 
same, and to regret that this very typical Phillipsia above-de¬ 
scribed should have bean in any way linked with Gr\ffithide9 
dubius Eth. Senr. An examination of the figure given of this 
latter trilobite reveals that the glabella has three continuous 
lateral furrows, and a shape altogether unlike the former species; 
and, further, the latter is represented as having thirteen or four¬ 
teen axial rings, and an equal number of pleural segments in its 
pygidium; while the former has only twelve and eight, respect¬ 
ively, in the similar parts of the pygidium. These differences 
place the two apart. 

As may be observed (a nlea, under the description of P. 
dongafa raihi), I have had to disagree with Mr. Etheridge in 
deterntining that, and the above form to be specifically the same, 
for witch divergence of opinion reasons are iriven. 



BY JOHN MITCHELL. 


463 


P . stanvellensis is so different from all foreign and other Aus¬ 
tralian species that it is not necessary to detail its relationships 
with them. 

The outstanding features of the species are. 1. The dunce's 
hat-shaped, prominent, smooth and anteriorly drooping, and 
narrow glabella. 3. The slightly elevated glabellar basal lobes. 

3. The moderate size, and fine but distinct faceting of the eyes. 

4. The very prominent axis. 5. The shallowness of the medial 
furrows, and slenderness of the ridges of the pleural segments. 
6. The bifurcation of the pleural segments of the pygidium. 7. 
Twelve and eight divisions in the axis and pleural segments, 
respectively, of the pygidium. 8. The equality of the lengths of 
head and pygidium. 

Loc. and Hor .~Corner Creek, Great Star River, Queensland. 
Carboniferous. 

PHILLIP8IA QBANDIS Eth. til. 

(Plate xlvii., fig.2; Plate 1., tigs. 1-3). 

Phillipsia grandis Eth. fil., Geol. and Pal. of Queensland and 
Now Guinea, 1892, pp. 216-216. 

Etheridge, Junr., Mem. Geol. Survey N. S. Wales, Pal. No.5, 
Pt. ii., 1892, PI. xxi., fig.6 (non text-fig.5, p.128). 

Etheridge, Junr.. Geol. Survey of Queensland, Publication No. 
260, pp.ll, 12, PI. iii., tig.3. 

Complete form unknown. 

Up. Chars ,—What appears to be a portion of a cephalon of 
this species is preserved on a rock-fragment from near Mt. 
Morgan, Queensland, associated with a very nearly perfect 
pygidium, free cheeks, a small portion of the anterior of the 
glabella, and the greater part of the bypostome (in situ ), but so 
little of the glabella remains that none of its features can be 
recognised; except that it was sparsely granulated, sloped gradu¬ 
ally anteriorly, and was of unusual size. The bypostome was 
large, striated, and apparently granulated; free cheeks very large, 
strongly granulated, the granules in many instances joining and 
producing rugosity; posterior furrows very wide and shallow; 
lateral border very wide; and the undersurface bearing six or 
s^en concentric strife, posterior border narrow; the genal angles 
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appear to have been spinate. The length of the cephalic shield 
was approximately 30 mm. 

Thrtrax; greatest width approximately 45mm., length 27mm., 
finely granulated. Axis moderately convex, and had a spread 
of 15 mm., and hence equal to one side-lobe. These lobes were 
fairly convex, greatest width 15 mm., and the mesial furrows of 
each pair of the segments were wide and shallow; along the 
articulating faces (ridges), the sutures are plainly visible in 
decorticated specimens. 

Fygidium: greatest width 41 mm., length 34mm.; semi-elliptic, 
moderately convex; axis mildly convex, tapering very gradually 
posteriorly, ending bluntly at the inner edge of the border, much 
narrower than one side-lobe, practically two-thirds as wide as 
one side-lobe, the width being 11:15, rings apparently eighteen, 
strong, densely and finely granulated,* valleys narrow; axial 
furrows narrow and distinct; pleura moderately convex; ribs, 
fifteen pairs, reaching to the thickened outer margin of the 
border, and having a decided backward curve in the portions 
traversing the border; mesial valleys fairly deep, ridges strong, 
and bearing two or more rows of closely placed granules, and 
articulating sutures plainly visible, each succeeding pair gradu¬ 
ally inclining posteriorly, border wide but ill-defined, not con¬ 
tinuous and concave, margin thickened and upturned. 

06s.— The first fragment of this gigantic Carboniferous trilo- 
bito was briefly described by Mr. Etheridge, Junr.,* and for it 
he suggested the specific name grandi $. Subsequently,t he de¬ 
scribed a pygidium from New South Wales, which he placed 
specifically with the Queensland pygidial fragment. Very 
reluctantly, I have to disagree with this latter determination of 
Mr. Etheridge, aud am compelled to give the New South Wales 
fossil separate specific rank. A recent discovery of a nearly 
perfect tail, portions of a cephalic shield, and thorax, in the Mt. 
Morgan area, Queensland, has much simplified the task of 
separating the two forms. This recently discovered specimen 

• Geol. and Pal Queensland and New Guinea, 1892, pp.215-216, 
t Mem. Geol Survey N. S. Wales, Pal. No.5, Pt il, 1892, p.128, text* 
fig.5, and PI. xxi., flg.fl. • 
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was submitted by Mr. Dunstan, Chief Government Geologist, 
Department of Mines, Brisbane, to Mr. Etheridge, who described 
it briefly,* placing it with P . yrandu. This same specimen has 
been used for the above description, It will be seen that, in 
the description of the parts of the fossil, we are not in agreement, 
our dimensional estimates, strangely, differing rather widely. 

The dimensions arrived at by myself are 

Cephnlio shield, length 30 mm. 

Length of thorax, 20 mm. 

Greatest width, 45 mm. 

Length of tail, 34 mm. 

Greatest width, 44 mm. 

Total length of trilobite, 84 mm., or nearly 3} inohea. A giant, cer¬ 
tainly, ainong Carboniferous trilobites. 

The reasons for separating the pygidium from Swain’s Selec¬ 
tion, near Carroll, N.S.W., from the Queensland forms, are fully 
entered into under the re-description of the New South Wales 
form, under the name of Philltpsia robuata raihi. 

The distinguishing features of the present species are—1. Its 
great sice. 2. The largeness of the free cheeks, their ornamenta¬ 
tion, and great width of their borders. 3. The relatively narrow 
pygidial axis. 4. The mild tuberculation of the bases of the 
thoracic and pygidial axial rings. 6. The slight tuberculation 
of the pleural segment at the inner margin of the border, and 
their olaw-like shape, as they cross the border. 0. Tbe plainly 
visible sutures along the articulating ridges of the pleura) seg¬ 
ments, and the fine and close granulation of these ridges. 7. The 
strongly ridged and furrowed somites of the pygidium. 

As Mr. Etheridge has pointed out, it is uncertain still whether 
this trilobite belongs to the genus PhiUip$ia or to Oriffitkide^ 
but the evidence available indicates the former. 

Log. and Hot .—Crow's Nest, near Mt. Morgan, Queensland. 
Carboniferous. 

Phillipsia wood ward i Eth. ftl. 

PhiUip$%a tcoodtoardi Eth. fil., Geol. and Pal. Queensland and 
New Guinea, 1892, p.216, PI. viL, flgs.ll, 18; PI. viii,, flg.6; and 
PL xliv., flgs.6-6._ 

* Geol. Survey Queensland, Publication No.260,1917, pp.lM2, PL lii., 

ftg.3. 
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Griffithidfi* semxni/erus var. au$trala*ica Eth. fil., (in part) op* 
cit , p.216. 

(PI. xlvii., fig.9; PI. xlix., figs. 1-8,18-14; PI. 1., flgs.lG-11; Pl.li., 
figs.12-14; PI. lii., flg.l; PI liii., figs.8-9). 

Here is Mr. Etheridge's description of this species (loo. cit ):— 
“Sp. Char . Glabella round, without any lateral inflection of the 
margin, moderately convex in the middle line, and a little arched 
posteriorly; neck furrow strong and deep, with more or less com¬ 
plete basal furrows; anterior furrows present, but faint; anterior 
border thick and upwardly turned, leaving n wide depression 
between it and the front of the glabella." 

In his observations, Mr. Etheridge remarks:—“The pygidium 
referred to is much larger than that described as P, dubia , but 
otherwise resembles it." In the text, there is nothing to show 
what pygidium is here referred to, for no description of it is 
given; but no doubt he refers to the pygidium illustrated in 
Plate xliv., fig.6; and if so, the determination, in my opinion, is 
incorrect. This pygidium belongs to the trilobite described by 
me as Phillipoia rockhamptonensi *, and is shown in PI. 1., flg.8. 

The following is a more amplified description of the type- 
cephaloti of the species. Outline subsemicircular, surface gran¬ 
ulated. Glabella wider across the basal lobes than it is long, 
very convex both transversely and longitudinally, the front lobe 
(the portion anterior to the anterior pair of the lateral furrows) 
semicircular, highest between the mesial pair of lateral furrows. 
Three pairs of lateral furrows present, anterior and mesial rela¬ 
tively wide, shallow and straight, basal pair wide and deep; 
anterior and mesial lobes narrow, basal pair large, subfusiform, 
much lower than the glabellar centre, overhanging the axial and 
neck-furrows; limb very large, border strongly thickened and 
upturned, furrow wide and deep. Neck-furrow deep; neck-ring 
strong, convex, sharply curving anteriorly, as it approaches the 
axial furrows; sides gradually thickening towards their origin. 
Frontal limb very wide, border strongly thickened and upturned, 
and separated from the glabella by a wide and pronounced 
furrow, strongly expanded antero-laterally. Facial sutures 
anteriorly directed outwards at an angle of about 25*. Fixed 
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cheeks appear to have been small, and strongly tumid. Axial 
furrows deep. Other parts not known. 

As Mr. Etheridge pointed out, this head-shield bears a strong 
resemblance to that of some Proeti. The enormous limb is its 
most striking feature. The discovery of a complete specimen 
will be of much scientific interest. It may be noticed here that 
neither of the figures, PI. vii., fig. 13, PI. xliv., flgs.5, 6 (loc. cit.) 
are correct representations of the fossils they are intended to 
depict. For example, in the case of the first of these, the 
glabella is much too blunt in front; and supplementary lobes, 
which are present on the fossil, are not shown in the figure. 
With reference to figs. 5 and 6 of PI. xliv., in the case of fig. 5, 
the glabella is represented as of a battle-axe shape, instead of 
being rather quadrate, or only gently rounded in front, and the 
glabellar basal lobes are exaggerated in size. In fig.fi, the axis 
is shown terminating much too short of the border, and, in the 
pleural lobes, too many segments are shown. Photographs of 
the original specimens, from which the drawings of the figures 
above referred to were made, will be found in the Plates of this 
paper. 

At present, I hesitate to recognise the portion of a cepbalon 
determined by Mr. Etheridge to belong to this species, and re¬ 
presented in PI. vii., fig. 13, for the following reasons. The 
glabella of this specimen is much more convex and narrower in 
front than the type-specimen. Further, this glabella is just as 
long as wide across the basal glabellar lobes. On the other 
hand, the typical glabella of the species is much wider across 
these same lobes than it is long. The glabella in question is not 
correctly represented by the figure above referred to, as will be 
seen from the photos of it now produced. 

• Since Mr. Etheridge described this species, much additional 
material has been secured, and this has been placed with me by 
Mr. Dunstan, Chief Government Geologist, Brisbane, for classi¬ 
fication. Included in the collection is a large number of pygidia, 
all possessing similar specific features; and these were collected 
from the same localities from which all the known cephalic frag¬ 
ments of the species have been obtained. In part, owing to the 
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association in this way of these heads and tails, and beoause the 
great convexity of the pygidia referred to, which would indicate 
the possession of a very convex cephalon by the species they 
belong to, and, further, because no other head-shields reasonably 
preserved occur in association with these remains, with which 
they appear to have near relationship, I have determined to place 
them with Mr. Etheridge^ I\ woodward i, and, for this reason, 
the species is redescribed hereunder. 

Complete form not yet certainly known, but it may be Assumed 
to have been oblong-ovate. 

Cephalon sub-semicircular, highly inflated, surface granulated 
throughout. Glabella subquadrate, wide and mildly rounded in 
front, strongly convex, highest between the mesial lobes, sloping 
strongly anteriorly, and overhanging the furrow of the limb in 
front; three pairs of glabellar furrows present, the anterior and 
mesial pairs rather wide, shallow and straight; basal pair wide 
and deep; anterior and mesial lobes narrow; basal pair large, 
subfusiform, much lower than the glabellar superficial centre, 
overhanging the axial and neck-furrows latero-posteriorly; limb 
very large, border strongly thickened and upturned, furrow wide 
and deep; neck-furrow wide and deep; neok-ring strong, convex, 
bases strongly curving anteriorly under the glabellar basal lobes; 
supplementary lobes present, though not conspicuous in the most 
typical specimen. Facial sutures anteriorly directed outwards 
at an angle of about 26*. Fixed cheeks would appear to have 
been of moderate size, and posteriorly strongly inflated. Free 
cheeks fairly large, strongly and thickly granulated, especially 
on the part between the lateral and ocular furrows; this part, 
too, is high, and rather acutely angulate postero-laterally, flat 
superficially, laterally and posteriorly steeply falling into the 
lateral and posterior furrows, which are wide and deep; border* 
much thickened and upturned, striated, posterior border (exten¬ 
sion of the neok-ring) strong, genal angles apparently blunt; 
eyes of moderate size, apparently crescentic and faceted, some¬ 
what stfpk into the ooular furrow, 

Thora^: for certain not known, but the following is the de¬ 
scription one attached to a pygidium identical with a number 
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of others assumed to belong to this species; suboblong, gran¬ 
ulated, longer than the pygidium, all the segmental ridges appear 
to have borne tubercles; number of segments normal. Axis 
prominent, ring-bases non tuberculate, with a strong anterior 
inclination centrally, ridges and valleys well defined, apparently 
as wide as one side-lobe. Side-lobes strongly convex and steep 
between the fulcra and margins, all parts densely granulated, 
segments anteriorly angulate at the fulcra; mesial furrows wide, 
ridges relatively narrow and faceted, and mildly thickened 
posteriorly. 

Pygidium very strongly convex, length to width approximately 
2: 3, granulated; axis prominent, evenly arched, anterior spread 
about equal to the greatest width of one side-lobe, posteriorly 
diminishing in width very gradually, and ending prominently 
and bluntly a little short of the border; number of rings thirteen, 
and each bore a row of small tubercles quite conspicuous on 
unweathered specimens; axial grooves wide and deep. Side, 
lobes convex, consisting of eleven pairs of segments, the ridges 
of each pair bearing rows of small tubercles varying from two or 
three on the shorter, to eight or perhaps nine on the longer ones. 
Border continuous, mildly thickened, convex and Bteep. 

06s.—At the outset, I admit that the pygidia here joined with 
Mr. Etheridge’s type-cephalon of the species may yet prove to 
be a wrong conclusion; but should it happen so, I am inolined 
to believe, too, that the heads (PI. li,, figs. 19,13) will also prove 
not identical with the type one; but should that happen, I am 
fully satisfied that these latter heads, and the tails here dealt 
with, will prove to belong to the one species. The heads now 
joined with the typical one possessing the very* characteristic 
frontal limb, cannot, for certain, in the absence of this limb, be 
said to belong to the species. 

While completing the above description, the specimen No.712, 
belonging to the Queensland Museum, Brisbane, is before me; 
and the trilobite fossil remains on it consist of two pygidia, one 
thorns and pygidium conjoined but incomplete, a fragmentary 
head in intaglio^ and a part of a free cheek. (On the same 
specimen, occurs the tail of a Braohymetopus, the first recorded 
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from Queensland). These fossils were those whloh chiefly served 
Mr. Etheridge to found his varietal species QrijfUkidu *emini - 
feru$ var. australaiica on. After a close study of these remains, 

I am compelled to dissent from his conclusions concerning them. 
They cannot belong to the above species, because the glabella 
possesses supplementary basal lobes, a feature by some palaeon¬ 
tologists thought to be of generic significance, and which G . 
8emx7tifem8 does not possess. Again, these pygidia have thirteen 
rings in their axis, and eleven pairs of segments in the pleura*. 
In these parts, G . semxniferus has twelve and nine respectively. 
These differences alone would render the specific identity of the 
two forms invalid, but these are not the only differences between 
them. As far, then, as the fossils under present consideration 
afford evidence, Mr. Etheridge’s varietal species fails. The part 
of the oephalon on this same specimen of rock is very imperfect, 
but it shows, on the glabella, similar but clearer granulation, 
because the granules are not worn off by weathering, similar 
glabellar basal and supplementary lobes to that and those 
respectively found on the cephalons here determined to belong 
to Phillipsia tooodtoardt. The only features not visible on the 
glabella of the fragmentary cephalon, to make its identity with 
the latter certain, are the mesial and anterior glabellar furrows; 
but these are barely visible on some glabellas of P. tvoodivardi. 
Lastly, the pygidium represented in Plate viii., fig.6 (op. eit ), 
which was considered by Mr. Etheridge to be a normal pygidium 
of his P. dubia (P. atanvellemu mihi) is here joined with the 
present species by me. It is undoubtedly inseparable from the 
other pygidia now joined with the speoies above described, and 
certainly is not at all closely related to the pygidia of P. item- 
vtlUntii mihi (P. dubia Eth. fU, # op. cit., PL viii., flg.5). 

Mr. Etlieridge has already called attention to the Proetus-like 
aspect of the oephalon of the present species. The singular form 
of this part of the fossil makes it unnecessary to point ont in 
detail the features which separate it from other speoies of 
Philliptia, 

Loo. a*d Bor. —Btoney Greek, Stan well; Crow's Nest and 
TriloMte Ridge, Mt. Morgan, Queensland, etc. Associated with 
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flraehymetopus dunstani. Middle or Lower Carboniferous pro* 
bably, 

PHILMPSlA M0RGANENH1S, «p. nov. 

(Ph xlix, figs.11,12; PI. li., fig.l). 

Sp, Chars.—Cephal on sub-semicircular, very finely granulated, 
greatest length and width 8 mra., and 16 mm., respectively. 
Glabella subconical or sub-bel (shaped, mildly convex, finely and 
densely granulated, longer than wide; three pairs of lateral 
furrows distinctly shown, basal pair very deep and wide, anterior 
and mesial pairs short and only gently curved posteriorly; 
anterior and mesial lobes of moderate size, basal pair fairly 
large, with small complementary lobes present; neck-furrow deep 
and wide, the extensions laterally also fairly deep and wide; 
neck-ring strong, moderately convex, strongly curving anteriorly 
at its bases; facial sutures anteriorly very straight, posteriorly 
short and oblique, frontal limb narrow and close to the glabellar 
front; fixed cheeks very small, with small eye-lobes. Free cheeks 
rather large, only moderately tumid, finely granulated, both 
borders and lateral furrows large, the former being moderately 
thickened, finely granulated on the upper and striated on the 
undersurface, the latter being shallow, ocular furrow wide and 
shallow. Byes of moderate size, finely faceted, vertically narrow, 
and decidedly higher behind than in front. Genal angles obtuse. 
Hypostome shield-like, narrow, not alate, posteriorly glossiform 
and corrugated, no strim visible, widest at two-thirds of its length 
from the front edge. 

Thorax not known in a complete state, but one, on which a 
pygidiuvn and a free cheek rest, shows the following features— 
moderately convex, finely granulated. Axis moderately convex, 
diminishing in width and height gradually posteriorly, wider 
than one side-lobe, rings strong, valleys narrow and having an 
anterior inclination, bases non»tuberculate, axial furrows linear. 
Hide-lobes not well shown, but the segmental ridges and furrows 
were strong and deep respectively. 

JPygidium widely triangular, mildly convex and jgr&nular, 
length 7 mm., and greatest width 12 mm. Axis mildly and 
evenly convex, anterior width equal to that of one side-lobe, 
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diminishing gradually in width and height posteriorly, and end¬ 
ing short of the margin inconspicuously with about half its 
anterior width, rings apparently eleven; ridges not prominent, 
furrows also faint, some of the anterior ones have centrally a 
backward trend. Axial furrows linear. Side-lobes convex, con¬ 
sisting apparently of nine pairs of segments (eight only are 
visible on the best available specimen >, front pair faceted, ridges 
and furrows fairly distinct, and having successively only a 
moderate backward trend. 

06s.— This trilobite belongs to the type of Phillipaia which 
bad the glabella narrower in front than posteriorly, which seems 
a common characteristic among the Australian members of the 
genus, and, in this respect, shows a closer relationship to the 
typioal genus of the Proetidw, than do the Phillipsife of Europe, 
and, perhaps also, America. A singular feature in the present 
species is the form of the hypos tome assumed to belong to it. 
None similar to it has come under my notice. The one nearest 
to it is one figured by Dr. H. Woodward* with other illus¬ 
trations of PhiUipaxa eichwafdi , but evidently not belonging to 
that species. 1 he straightness of the anterior branches of the 
facial sutures, and their mild outward divergence as they reach 
the frontal limb, are striking features of the species. 'A study 
of the description and illustrations of the species will render its 
separation from other Australian Phillipaie simple. In contour, 
the glabella is not unlike what that of the glabella placed with 
P. tooodtvardi (Pb xlix., fig.7) would be, were it not bo convex; 
but, in the former, the glabella is longer than it is wide across 
the basal glabellar lobes; in the latter, these dimensions are 
equal. No foreign speoies has come under my notice with which 
it seems neoessary to compare it. 

Loc. and Hvr,— Trilobite Ridge, Mount Morgan, Queensland. 
Carboniferous (Lower!). 

Phillips! a conmollu, sp.nov. 

(PL li., figs.4-7;. 

PMllipaia grandu Eth. fib (MS.). 

Only an incomplete pygidium known. 

* Jfoa, Brit c£5TTriloUtes, 
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8p. Chars,—Pygidium seinielliptic, moderately convex, and 
microscopically granulated. Axis very prominent, consisting of 
ten, possibly eleven rings, not as wide as one side-lobe, evenly 
arched, and slightly flattened dorsally, ending at the border very 
prominently and rather acutely, ridges and valleys of the rings 
quite distinct. Axial grooves shallow. Side-lobes mildly com ex, 
consisting of eight or nine pairs of segments, which are only 
very gently directed backward, and terminating at the border, 
except in the case of the anterior pair, which encroaches on it. 
Mesial furrows and the ridges of the segments moderately defined. 
Border proportionately wide and continuous, mildly convex, 
horizontal, and apparently wider laterally than behind, separated 
from the Hbs by a shallow furrow. Greatest width ISinin., 
length 9 mm., anterior width of axis 3 mm. 

Obs .—This pygidium was placed by Mr. Etheridge, Junr., with 
his Phillipsia grandis, but to this speoies I find it has no close 
relationship. In its wide border, and the number of axial rings 
and pleural segments, it bears strong resemblances to our 
Oriffithiihs convearicaudatus , but its axis is much more prominent 
and relatively narrower, than is that of the latter. The axial 
and pleural divisions are more clearly defined in the former than 
they Are in the latter; the border in the former is flat, and in the 
latter very steep. The shape or outline of the pygidia of these 
species is very different. In number of axial and pleural 
divisions, this species is related to both P. eoulteri and P stan- 
vsllmsis, but not otherwise. In possessing very prominent and 
relatively narrow axes, P. stanvelUnsis and the present species 
agree. I am not aware of any foreign Carboniferous trilobite 
having a pygidium closely resembling this one. 

Named after Mr. Connolly, who discovered it. 

Loc, and //or.—Gascoigne River, West Australia (Connolly). 
Carboniferous. 

Phillipsia houohklknsis, sp.nov, 

Phillipsia ep., ind. (a), Eth. fii; Mem. Geoi. Surv. N. & Wales, 
Pal. No.5, Pt. ii., 1893, p.129, PI. xxi. t figs. 6,7. 

(PI. xlviii., figs. 4,6,6, 7). 
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Cephalon and thorax unknown. 

Sp . Char*.—Pygidium sub-semicircular, width 15 mm., length 
11 mm.; smooth and moderately inflated. A^is moderately 
convex, tapering very gradually, and terminating bluntly with 
a spread rather greater than half that of tbe first ring) anterior 
width about equal to that of one side-lobe; consisting of eighteen 
rings, some of which show traces of having been very mildly 
tuberculated; axial furrows faint. 8ide-lobes convex, with no 
decided fulcra, segments thirteen, or doubtfully fourteen, mildly 
recurved, not crossing the border; border of moderate width, 
steep, smooth, and separated from the pleural segments by a fine 
suture. 

06a—This pygidium was briefly described by Mr. Etheridge 
(i loe . cit.) 9 but not specifically named, though he stated that it 
possessed certain features which clearly indicated that it was 
a new species. It diilers from ail other species of Phillipsia and 
Qriffithides known to me. 

Log. and llor. — Binge Berry, Roucitel Brook, near Muswell- 
brook; County Durham. 

Phillipsia uunoogbrsib, sp.uov. 

PhiUipaia sp. ind. (6), Eth. fil. f Mem. Geol. Surv. N. 8. Wales, 
Pal. No,5, Pt. ii., 1692, p.129; PI. xxii., iig.14. 

(Plate xlvii., figs.6, 7). 

Complete form unknown. 

Sp. Chars, — Pyyidiwn sub-semicircular, very moderately con¬ 
vex, finely granulated throughout, greatest width 22 mm., leugth 
16 inm. Axis mildly convex, consisting of fourteen annulations, 
the furrows and ridges of which are respectively shallow and 
low, diminishing very slightly in width posteriorly, the end 
being wide and rounded, bases of the rings not tuberculate, 
anterior width less than one side-lobe; axial furrows fairly dis¬ 
tinct. Pleura gently inflated and sloping from the axial furrows; 
segments twelve pairs, which are very completely fused, the four 
anterior pairs reaching to the outer margin, medial furrows wide 
andVshallow, ridges not prominent and showing no sutures; 
border narrow and continuous. 
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Obs .—This is another of the pygidia described by Mr. Ether¬ 
idge, Junr., (foe. cii .) but which he did not specifically name. 
It resembles no other Australian Carboniferous form at all 
closely; and, so far as I have been able to ascertain, it stands 
apart from the pygidiaof foreign species of the genera Fhillipsia 
and Griffithides. 

Lor*, and Uor. —Oreenhills, near Dungog; County Durham. 
Carboniferous. 

Genus ORtvriTHiDiB Portlock, 1843. 

Geol. Report, Londonderry, he., p.310. 

The following is Portlock's original description of the genus— 
“ Cephalothorax semi-oval, longitudinal: glabella strongly marked 
and gibbous, rounded in front, narrowed posteriorly into an ob¬ 
solete neck with a furrow more or less distinct on each side. 
Cheeks: triangular spaces very slightly convex. Wings either 
ending in an angle posteriorly or prolonged backwards in a 
flattened spine. Eyes near the axis, not large, lunate, smooth(l). 
The minute neck tubercle sometimes present.' 1 

“ 1'horax. —The pleuripedes are compound, in number nine, or 
with the neck segment ten.” 

* 'Pygidiutn. —Fully developed and strongly resembling that of 
Phillipsia.” 

General A. W. Vogdes ({oc. oil.) gives the following brief 
summary of the generic features of this genus:—1. Glabella 
short, tumid. 2. No short lateral furrows on the glabella. 3. 
Basal lobes distinct. 4. Eyes small, placed close on the glabella, 
reniform. 5. Axis of pygidium has 10 to 17 segments. 

Gbiffituu>k8 oonvbxioaudatus, sp.uov. 

(PI. xlvi., fig.13; PI. xlviii., figs.1-3; Pi.lii., figs.5,6). 

Sp. Chars .—Complete form suboval with straight sides 
Cephalon sub-semicircular, apparently finely granulated and 
strongly inflated. Glabella su^pyriform, tumid; hu^l furrows 
faint; basal lobes relatively small; neck-furrow shallow, its lateral 
extensions deeper, and communicating with the lateral furrows 
of the free cheeks; neck-ring wider than the axial rings of the 
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thorax, its lateral extensions narrow but prominent. Axial 
grooves faint Fixed cheeks very small and high; palpebral lobe 
high, narrow, convex, and very faintly separated from the basal 
lobe. Free cheeks high, sharply rising from the narrow lateral 
furrows, lateral border narrow, thickened and raised. Eyes 
reniform, short fore and aft, high and prominent, separated from 
the upper and flattened part of the cheeks by a faint sulcus, ap- 
parently faceted. Facial sutures anteriorly follow the course of 
the axial grooves, posteriorly oblique passing out in a line with 
the fulcra of the thoracic pleura. Limb narrow and pressed 
to the front of the glabella. Genal angles bear very short spines. 

Thorax fairly convex, finely granulated, rectangular, length 
practically two-thirds of greatest width, anterior and posterior 
widths approximately equal, somites nine. Axis prominent, 
widely and evenly arched transversely, width or spread through¬ 
out about equal, the last two rings only being slightly contracted, 
a little wider than one side-lobe, centrally the rings have a gentle 
forward arch, aud bear a row of inconspicuous granules, bases 
non-tuberculate; axial furrows shallow. Side-lobes sloping very 
gently from the axial furrows to the fulcra and thence fairly 
steeply, median furrows of each segment narrow and shallow, 
but reaching just to the margin, ends faceted. 

Pygidium sub-semicircular, evenly and very convex, finely 
granulate, length equal to length of thorax, and to about three- 
fourths of its own greatest width (9:13); axis convex, bearing 
eleven annotations, diminishing posterioily very gradually in 
width and prominence, ending bluntly and rounded a little short 
of the border. Its length equals seven-ninths of the pygidial 
length, annulationr faint, especially towards the distal end. 
Side-lobes strongly convex, anteriorly having a spread approxi¬ 
mately equal to that of the axis, possessing eight ribs, only the 
first three pairs being at all conspicuous; all, except the first 
pair, stop at the faint furrow separating them from the wide, 
convex, smooth border. . ( 

06#.—The individual, which served for the above description, 
measured 26 mm., of which the oephaion was 7 mm., the thorax 
and pygidium 9 mm. each; width of thorax 14 mm. The speci- 
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men was not quite complete, being minus part of the right front 
quarter of the oepbalon. 

This fossil agrees very closely with one described by De 
Koninck from the Upper William River,* and determined by 
him to be OriJUhidtt (Phillipaut) eichwaldi. The total lengths 
of the two fossils exactly agree, as also do the widths of the 
thoraces; but there are some discrepancies in the dimensions of 
the separate parts. De Koninck gives 10 mm. and 8 mm., re* 
spectively, for thorax and pygidiuin of his specimen; whilst 9mm. 
is the length of each of these parts in the specimen under 
review. The two have nearly the same number of annulations 
in the pvgidial sxis, and probably the same number of pleural 
ribs, a similar wide pygidial border; also the same relative 
length to width of their pygidia, and an identical frontal pro¬ 
jection of the glabella on to tbe border. In the characters of 
granulation and of thoraces and pleural ribs of the pygidia, they 
also agree. If, at this, tlte discussion of their relationship 
slopped, the identity of the two would have to be accepted as 
conclusive, as I believe it actually to be. But against these 
agreements have to be placed some important differences, which 
make tbeir specific identity difficult to reconcile. For instance, 
De Koninck states that his specimen has only eight thoracic 
segments, that the anterior annulation of the thoracic axis has a 
widthf of 3 mm., and not one of the annulations has a width 
less than limn. The present specimen has the normal nine 
somites, and the widest annulation of the thoracic axis does not 
exceed 1 mm. De Koninck’s figure of his specimen shows it to 
have had a very globular frontal glabellar lobe, and, in this, differs 
from the one above described. Again, De Koninck’s text does 
not agree with his illustration. The former indicates bis speci¬ 
men to have eight thoracic somites, and the pleumi lobes to Lave t 
a width equal to that of the thoracic axis; but his figure shows 
nine somites, and pleural lobes much narrower than the axis. 
These important discrepancies make it impossible to accept his 

* Few. PaL Nouv, Ualles du Sud, P& i.« 1879, Pp.279‘9, PI. xxfv., flg.S, 

t The writer assumes the width of the axial rings to he their measure¬ 
ment along the longitudinal line of the axis. 
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description as having any scientific value, for there is no evidence 
to show whether his text or figure is correct, the type-specimen 
having l»cen destroyed in the Garden Palace fire of 1882. 

The next consideration is whether the present fossil, or even 
L)e Koninck’s, is specifically identical with P , tichwaldi Fischer. 
Accepting the types given by Dr. H. Woodward* as fully 
reliable, the author does not believe it a difficult task to prove 
the negative. 

1. Dimensions.—The relative lengths to tilths <rf the parts of 
the author's fossil and that of P. eichtoaldi Fischer; are, respect¬ 
ively, for cephalon 14 :28 and 17 : 27; thorax 17 ; 28 and 17 : 31; 
pygidiutn 9:13 and 1 :1. 

The dimensional differences, as these measurements show, place 
the fossils apart; but these are not nearly so important specifi¬ 
cally as the following. The pygidium of P . eichtoaldi is semi- 
elliptical, and the length equal to the width; that of the author's 
is sub-semicircular; that is, if the centre of the junction of the 
second axial ring with the third be taken for centre^ the portion 
of the pygidium posterior to this forms a semicircle; and the 
length is only two-thirds of the width, approximately. There are 
up to sixteen rings in the axis, and twelve to fourteen pleural 
divisions in the pygidium of P. eicktvaldi; while, in the local 
one, these divisions are eleven and eight, respectively. Then, in 
the former, the pygidia) border is depressed; in the latter, the 
curve of convexity of the pleura continues uninterruptedly across 
the border to the outer edge. In the former, also, the genal 
spines are tong; in the latter, mry short, only extending past 
the first thoracic segment. These differences are sufficient to 
prove that tlie author's specimen is not P, eichtoaldi Fischer, and 
the same conclusion may be drawn in respect to De Koninck’s 
fossil. 

In several respects, this species resembles Gryjfithidet yiobieep* 
Phillips; but the proportionate lengths of the thorax and pygidium 
of the latter are different from those of the former; as also is the 
proportionate length of the oephhfon to these same parts. In 
the former, there is no lobe connecting the eye-lobe with the 

* Mon. British fribbltes, Pt i., 1883. 
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glabella, though, indeed, the eye or palpebral lobe is very close 
to, and only faintly separated from, the basal lobe of the glabella. 
The eye, too, is relatively larger, the pygidia! border is wider, 
and the glabellar frontal lobe less globular; the free cheek 
border and glabellar limb narrower, and the eyes less prominent 
and more posteriorly situated in the former than in the latter. 
The British species, too, was much larger than the New South 
Wales one. 

The specific name was chosen for it because of the strong con¬ 
vexity of its pygidium. 

Loc. and //or.— Glen William, about two miles from Clarence- 
town, Parish Parr, County Durham. Lower Carboniferous. 

Griffituidks bwkkti Eth. fil, 

Griffithxdes swetti Eth. fil., Proc. Linn. Soc. N. S. Wales, (2), 
Vol. ix., Pt.3, pp.528-9, PI. xxxix., fig.3, 1894. 

(Pl.liii, figs.1, 2). 

Through the courtesy of Mr. G. Sweet, of Melbourne, the 
type-specimen of the species is before me, and I regret that, 
owing to the incompleteness of its cephalon, it fails to elucidate 
certain difficulties met with in considering the thoraces and 
pygidia from the Mt. Morgan area, assumed to belong to 
I'kiUipuia woodwardi Eth.fil., or to settle whether ft. siveeli Eth. 
HI., and that species are not identical. All the numerous pygidia 
obtained from the Mt. Morgan area, except those which belong 
to P» 9tanvellensisj P. roclchamptonensu , and P. moryantruiis. 
have thirteen axial, and eleven pleural divisions; and, aftermost 
careful and repeated inspection, I have to conclude that Mr. 
Etheridge’s ft. aweeti has the same number of divisions in the 
axis and pleune of its pygidium; also the same kind of pygidial 
border and furrow; and, in fact, its pygidium cannot be sepa¬ 
rated from pygidia which are the most plentiful in the Mt. 
Morgan district, and which I have tentatively considered to 
belong to/*, wooduxirdi, or at least to those cephalons represented 
on PI. li., figs. 13 and 13, liecause these, too, were the most 
plentiful cephalons occurring in the same ar*$.\ As regards the 
bead-shield of ft. sweaty sufficient of it has not been conserved 
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to enable one to say positively whether its features place it with 
the Phillipsia or Lhe Griffithides type; but, except for the un¬ 
certainty of the presence on its glabella of the normal lateral 
furrows of the Phillipsian genus, it does not differ from the 
head-shields above referred to, which are considered to belong to 
tvoodwardi Eth til. Further, it will be found that G. sfmett, 
as far as present evidence admits, cannot be separated from 
Griffithides seminittfrns var. australasica Eth.fil. This, I think, 
will be conceded after the description and figures of the latter 
have been studied in conjunction with my remarks on the latter, 
under P. woodwardi; and an examination of Plate li., fig,14, 
which is a photo of Mr. Etheridge’s type-specimen, which shows 
two tails, the greater portion of a thorax and tail coujoined, an 
intaglio of a portion of a head, and, between the two tails and 
on the left top corner, is a view in relief of this intaglio. 

We are up against a problem here, which can be solved only 
by the discovery of better material; ami when it is solved, it 
seems to 111 c that a new genus or subgenus will be needed for 
the reception of this trilobite with the ten thoracic somites 
The following is a fuller description of the species than is 
ghen by Mr. Etheridge It will be seen from the photographs 
of this species now given, that it was not an correctly figured as 
it might have been. 

Complete form suboval. 

Up, Chare. — Cephalon incomplete, apparently granulated 
throughout, with granules of uniform size. Glabella incomplete, 
moderately tumid, mesial and anterior furrows not visible (though 
there appears to be a faint trace of the mesial pair); basal 
furrows deep, joining the neck furrow; basal lubes fairly large, 
suboval; supplementary lobes of moderate size, and suboval : 
neck-furrow wide and fairly deep; neck-ring stronger than any 
of the axial rings of the thorax. Fixed and free cheeks.absent. 

Thorax consisting of ten segments, finely and evenly gran¬ 
ulated; axis prominent, diminishing posteriorly very little in 
prominence, and barely at all in spread; each ring, except the 
last, ^as centrally a slightly forward direction, the last ring is 
iptron^er than the others, non-tubereulate; axial furrows shallow. 
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Side-lobes, between the axial furrows and fulcra, rising very 
gently, and thence are depressed almost at right angles, seg¬ 
mental ends strongly faceted, and the ridges and valleys strong 
and deep respectively, segments strongly ungulate at the fulcra, 
the whole thoracic surface waB finely granulated. 

Pygidium subelliptic, finely granulated, strongly convex: axis 
prominent, rings thirteen, the anterior one being somewhat over¬ 
lapped by the last thoracic one, decreasing in spread gradually and 
ending prominently at about half of its anterior spread, a little 
short of the border; axial furrows distinct, side-lobes strongly 
convex, granulated, consisting of eleven segments, each very 
gently and increasingly curving posteriorly, segmental ridges 
strong, valleys deep; border entire, steep, very finely granulated, 
middle thickened and relatively wide, separated from the pleural 
segmeuts by a narrow funow, accentuated by punctations at 
each segmental end. 

GiumTHiDKH dubujs Etheridge Senr. 

Griffithick « dubiua Etheridge Hcnr., Quart. Journ. Geol. Soc., 
1872, Vol. xxviii., p.338, PI. xviii., flg.7. 

Phillipaia dubia Eth. fll, Geol. Pal. Queensland and New 
Guinea, 1892, pp.214, 215, PI. 7, fig.12. 

(PI. liii., fig 7). 

The original description is as follows u Body elongated, oval, 
length about twice the width, sides parallel. Axis width of 
pleura. Thoracic segments 10 to 12. Pygidium rounded, 
margins entire; axis composed of ten segments, not extending 
quite to the posterior margin. Cephalic portion much crushed; 
glabella small and round anteriorly, furrows indistinct. Owing 
to the crustaceous test being removed, we have no means of 
arriving at the condition of the original ornamentation; there 
are, however, indications of tubercles upon the axis of the 
pygidium.” 

“ Loc . Don River, Queensland. Farm. Carboniferous.” 

The whereabouts of the type-specimen I have not been able to 
discover, tod, consequently, cannot add anything to the above 
description. 
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In the possession of ten or more segments in the thorax, it 
resembles 0. sweeti Eth. fil., and, certainly, in this respect, is 
not a normal Grijjithid** or Phiflipsia. This peculiarity, too, 
very decidedly separates it from P. Blanvellensis mihi ( P . dubia 
Eth. fil,). 

Family PROETIPjE. 

Genus Hhacii ymrtopus McCoy, 1847. 

Ann. Mag. Nat. Hist., xx., p 229, PI. xii., figs.l/i, 1 b. 

McCoy's description of the genus is as follows “f/rw. Cfair, 
Cephalothorax truncato-orbicular: limb narrow, produced back¬ 
wards into flattened spines; glabella smooth, cylindrical or ovate, 
about twice as long as wide, not reaching within about its own 
diameter of the front margin; one pair of small, basal, cephalo¬ 
thoracic lobes, or none. Eyes reniform, in the midst of the 
cheeks (1 smooth); eye lines unknown Hurface strongly grair 
ulated: one tubercle on each side of the anterior end of the 
glabella, the marginal row and a circle round each eye being 
larger than the rest. Body-segments unknown. Pygidium 
nearly resembling the cephalothorax in size and form, rather 
more pointed, strongly trilobed, and with a thickened prominent 
margin; axal lobe about as wide as the lateral lobes, of aliout 
seventeen narrow segments; lateral segments about seven, 
divided from their origin, each terminating in a large tubercle 
at the margin." G e n o t y p e, Jir. ttrzdeckii. 

In this description, characters are included which are merely 
specific. H. Woodward* supplies the following amended de¬ 
scription of the genus; - “ General form elliptical; headshield 
semicircular and slightly pointed, about one-third wider than 
long; glabella small, somewhat elevated, one-third the width of the 
entire shield and about one-half the length, having a basal lobe 
on each side, but no short lateral furrows on the glabella: neck- 
furrow distinctly marked, equftl in width to the posterior border 
of the free cheeks; eyes small, smooth, equal to half the length 
of the glabella; no facial sutures visible, only the axal furrow 
surrounding the glabella and the neck-furrow; free cheeks slightly 

* Moti. Brit, Garb, Trilobitea, 1883-4, pp.46-7. 
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convex, nearly twice as long as they are broad, with no visible 
suture separating them from one another in front of the glabella; 
margin broad and slightly grooved, angles of cheelcs producer! 
posteriorly into spines. The entire surface of the head covered 
irregularly with a small be&d-like ornamentation 

“Thoracic segments unknown, probably nine. ’ 

“ Pygidium consisting of a vaiiablc number of segment.s, fsom 
ten to seventeen, according to species, the axis tnpeiing rapidly 
to a bluntly rounded extremity, each segment of axis ornamented 
with bead-like granulations, ribs with a double fur row extending 
nearly to the border which is smooth and rounded.” 

This description also includes quite a number of features that 
possess only specific significance. 

General A W. Vogdes* summarises the characters of the 
genus thus:—1. Glabella short, tumid. 2. No short lateral 
furrows on the glabella. 3. Basal lobes distinct. 4. Kyes small, 
placed close to the glalrella 6. Axis of the pygidium hns ten to 
seventeen segments. 

To this may be added -6. Facial sutures absent. 7. Axial 
furrows continue round the glabella-front. 8. Ornamentation 
beadlike. 

R. F. Cow per Reedt has suggested a genus or subgenus 
(Brachymetopina) for the European forms without defined 
cephalic margins, and non-spinate pygidial margins 

Bbaohymetopub stbzelrcku McCoy, 1847. 

Braehymetopug atrzeleckii McCoy, 1847, op, cil, p.231, P). xii., 
flg.l. I)e Koninc.k, Foss. Pal. Nouv. Gallesdu Sud, 1877, p,352, 
PI. xxiv., figs. 10,10a, 6,c. Vogdes, Trans. Acad. Be. St. Louis, 
Vo), v, (1892), p.617. Etheridge, It, Junr., Mem. Geol. Surv. 
N. S. Wales, 1892, Pal. No.5, Pt. ii., p.124. Reed, Geol. Mag., 
N.S., Dec. iv. # Vol. x., 1903, pp.193496. 

(Plate liii., figs.3-6). 

McCoy's brief description is as follows “Sp. Char. Glabella 

* “North American Carboniferous Trilobites.” Ann. New York Acad, 
8oL, vi., 1888, p*70. 

t Geol Mag., N.8., Dec. iv., Vol x., p.190, 
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widest at the base, with one very minute obscurely marked 
cephalothoracic furrow at the base on each side; all the segments 
of the pygidiuni with an irregularly tuberculated ridge along the 
middle; lateral segments forming large tubercles where they join 
the thickened limb, opposite each of which there is a short 
slender spine projecting from the margin *’ 

The following is a fuller description of the species hy F. R. C. 
Reed ( op . ci/.):— “ Head-shield semicircular, moderately come*, 
with strong raised rounded border increasing slightly in width 
towards the front, and separated off hy a deep furrow. Qenai 
angles furnished with slender divergent smooth spines, less than 
half the length of the head shield. At its base is a pair of small 
nodular basal lobes, in most specimens quite inconspicuous. 
Two large tubercles are situated in a line down the middle 
of the glabella, followed by a similar median one on the occipital 
segment Occipital segment strong, rounded, separated off 
by a deep furrow. On cheeks at anterior end of glabella is a 
pair of large tubercles one on each side. No facial sutures 
visible. Kyes prominent, reniform, less than half the length of 
the glabella, distant from the axial furrows about one-third the 
width of the cheeks, and about their own length from posterior 
margin. Surface of head-shield, including glabella, border and 
neck-segment, rather coarsely tuberculated. An indistinct ring 
of larger tubercles surrounds the eyes, and a large tubercle is 
situated at each end of eyes on inner side. Thorax unknown. 
Pygidium semicircular, slightly convex, with spinose margin. 
Axis broad, conical, about one-third the width of the pygidium 
at front end, tapers rather rapidly to obtuse point, nearly touch¬ 
ing the border; consists of 9-10 segments, of which eight rings 
are distinct and completely tuberculated across; the 1st, 3rd, 
5th, and 7th have, in addition, a large median tubercle. Lateral 
lobes consist of six (f seven in some) pairs of pleura, of which 
the last pair is very small; each pleura is gently curved and is 
divided unequally by a strong longitudinal furrow into a broader, 
raised, rounded, posterior ridge, and a narrower anterior ridge. 
The posterior ridge of each pleura crosses a distinct, raised, 
rounded border, which surrounds the pygidium and bears a large 
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tubercle at the spot where it crosses, ami a single median one 
behind the axis. The posterior pleura! ridges are prolonged into 
short, recurved, equidistant, and subequal spines, projecting 
Iteyond the margin. fTn one specimen there seems to be a 
median spine behind the axis In another immature example 
the anterior two or three pairs of spines arc half as long as the 
whole pygidium). Surface of pygidium rather coarsely tuber- 
e ul a ted: the posterior ridge of each pleura Wain 4-6 tubercles, 
and the anterior ridge 6-6 smaller ones. The axial rings hear 
each 5-7 tubercles/' 

“ Dimensions: — 

length of licod-RhioM tt'Oimti. 

Width of head-shield 4*5 nun. 

Length of {tygidium ‘2*3 mm. 

Width of pygidium 4*0 mm. 

For affinities, see <tf>. <*U. 

To quote Heed further, he remarks that ‘‘McCoy gave as 
generic characters the circle of tuliercles round the eyes and pair 
of large tubercles at the front end of the glabella, but these may 
well be considered as of lower classiftcatory value, end likewise 
the relatively greater length of the glabella as compared with 
the European species. Tt does not, however, seem possible to 
regard the peculiar pygidial characters in the same light, though, 
as Vogdes (Trans. Acad. Sc. St. Louis, Vol. v, (1892), p. 617) 
says, we have many other genera of trilobites with spinose and 
non-spinose representatives. The fewer number of segments in 
the pygidium, and the raised spinigerous border separate it from 
all the European forms. 7 ' 

44 The genus or subgenus PhmtonidcB, as now understood, is 
partly distinguished for analogous reasons from the typical 
Proetuc; and it seems open to question whether the European 
species of Bnushymetoffut should not be regarded as constituting 
a distinct group or subgenus for which the name of Brachymeto - 
pina may be suggested.” 

Personally, I do not think that pygidial characteristics alone 
are sufficient grounds upon which to found even a tubgenus 

hoc. and Hot. -Dunvegan, tiurragood, and Glen William, 
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N.3.W. (Etheridge, Junr., Cat. Austr. Foss., Camb., 1878, p.41). 
Carboniferous. 


Bkachymbtopus punbtani, sp.nov. 

(PI. xlix., figs. 15, 16; PI. lii., figs.l, 2). 

Complete form unknown. 

Sp. Chars.—Cephalon: length and width 3 min, and 4 mm., 
respectively; semielliptic, surface covered with tubercles of vary¬ 
ing size, only mildly convex; glabella conical, densely and evenly 
granulated, very mildly convex, basal furrows well defined and 
joining the neck-furrow, basal lobes small, greatest width about 
one-fourth that of the ccplmlon, length about half that of the 
cephalon; the surrounding axial furrow relatively deep, cheeks 
gently convex, bordering the furrow surrounding the glabella; 
they bear eleven tubercles of uniform size, and follow a course 
inside of the eyes to the posterior margin; from the front of the 
eyes there branches from this main 1 )ead-like chain of tuliercles 
two other sets (one on each side) of five each, which are arranger] 
along the outer boundary of the eyes; the one or two tubercles 
in front of, and the one in line with, the back of each eye, appear 
to be larger than the others of these sets; besides these rows 
there are a few tubercles bordering the inner edge of the 
marginal furrow, and the thickened border bears a chain of 
these small bead-like tubercles of uniform size, and about twenty- 
five in number, the rest of the surface being finely granulated. 
The eyes are small, crescentic, close to the glabella and posterior 
margin; neck-furrow shallow, as are also its lateral extensions; 
neck-ring fairly robust and granulated, lateral extensions rela¬ 
tively strong and narrow; border furrow wide and deep; border 
strongly tumid and tuberculate; angles, if not spinate, are acute. 

06s.—The above Brachymetopus is the first and only specimen 
of the genus collected from the Carboniferous rocks of Queens¬ 
land. It occurs at Trilobite Ridge, Mt. Morgan, Queensland, 
associated with other genera of trilobites. In several features 
it resembles Hr . slrzeleckti McCoy, the prototype, and agrees with 
this species and Br , Maceoyi in possessing a well-defined oephalic 
marginal border, bounded inwardly by a well-defined furrow. 
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The tubereulation, too, on this border is similar in the .three 
species. Dimensionally, this species agrees closely with Br. 
ttrzeleckiii judging from the dimensions given by Heed/ so also 
does it in part in the character of the ornamentation, but in 
part in this respect, it differs very widely, as the description 
shows. 

The chief differences between our species and Br . Urzeleckii 
are—1. The character of the ornamentation. 2. The more conical 
shape of the glabella in ours, and the absence of the large longi 
tudinally placed tubercles on this part. 3. The more acutely 
rounded cephalon, particularly at the front. 4. The eyes are 
situated closer to the posterior border, and perhaps to the 
glabella. 5. The lateral extensions of the neck-ring are narrow 
and prominent. Without doubt, the two forms are closely 
related. 

Since writing the above, 1 have found, on some of the Queens¬ 
land specimens from Rockhampton and Mt. Morgan districts, 
several pygidia and a portion (cheek) of a cephalic shield, which 
belong to the genus Brachymetopus. One of these pygidia, 
which is fairly well preserved, J am assuming to be specifically 
identical with the cephalon above described. Its description is 
as follows. 

Pyyidium semicircular, only mildly convex, strongly tuber 
culate. Axis moderately prominent, contracting gradually pos¬ 
teriorly, ending short of the border bluntly, with less than half 
its anterior width; it bears five longitudinal rows of tubercles, 
the individuals of the middle row being much larger than those 
in the rows on each side of it. There are at least twelve or 
thirteen rings in the axis, and a central tubercle on ten of these 
can be clearly seen; this applies also in the case of each row 
immediately adjacent to the central one. Axial furrows deep. 
Side-lobes consist of six (? seven) pairs of segments, the ridges of 
which are very prominent, and bear several relatively large 
tubercles and some of smaller sixe; each of tbe posterior pair 
merely consists of a tubercle, and each ridge of tbe anterior pairs 
bears several tubercles varying much in siae^ the larger being 


Uool. Mag., N.&, Dec. iv., Vul. x M pp. MKMJW, 
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situated near the axial furrows and border; the ribs apparently 
extend into spines beyond the border, mesial furrows of the ribs 
deep. Border of moderate width, and apparently only mildly 
thickened. 

This pygidium, though it presents in a general way a 
strong resemblance to that of JHr. atrzeleckii , exhibits features 
which help to separate the two forms. The chief differences 
between their pygidia are —1. The axis of Br. dunatani consists 
of twelve or thirteen rings, as against ton in the other 2. Five 
longitudinal rows of tubercles traverse the axis of the former, 
while seven rows occur on the latter on the same part. 3. A 
large tubercle is situated centrally on each axial ring of the 
former, but only on every alternate axial ring in the latter. 

4. There is a smaller number of tubercles on each pleural seg 
rnent of the former than on the similar segments of the latter. 
The pygidial ornamentation of our species agrees closely with 
Br. lodienaia Meek. 

Dedicated to Mr. B. Dunstan, Chief Government Geologist, 
Brisbane, whose paleontological discoveries have been numerous 
and jpportant. 

Lot), and Hor .—Trilobite Ridge, Mt. Morgan, Queensland, 
associated with l\ woodtvardi. Lower or Middle Carboniferous. 
Specimens Nos. F1031, F1007, Geological Museum, Dept, of 
Mines, Brisbane; and Np.712, Queensland Museum, Brisbane. 

Brachyhktopus, sp. indet. 

J i) addition to the head ami tail, which served for the descrip¬ 
tion of Br. dunstani, there occur on specimen No. 712 of the 
Queensland Museum, Brisbane, no less than three pygidial frag* 
meats of Br&ehymetopi, besides the pygidium which served lor 
the foregoing description of Br. dnnslam In the case of two, 
one is partiaily superimposed on the other, and the third is 
almost touching these. On specimen V 1007 is a portion of a 
right cheek, which presents features evidently unlike either Br . 
ulrzelvekii or Br . dunatani, Two of the fragmentary pygidia 

also appear to be new, and may be specifically identical with the 
ftKfMdwri-to which the cheek-fragment belonged. The material, 
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however, ik too fragmentary to describe and figure. The occur¬ 
rence of three pvgidia in a hunch indicates that they may he 
plentiful, and careful search may bring lietter specimens to light. 


KXl’hAKATlON OK ThATKS XLVI.-IJU. 

Plate xlvi. 

t'hifhpwn 1 'offnw Mitchell. 

Figs. 1, *2, 3, 4, 5. -Fig.) ih a photo ( v 3) made from the Npectmen tepre 
seated in Fig.*2. 'Hie glabellar features are plainly visible. Figs. 

3, 4* 3 represent pygidia, and show their ehaiticteriHtic featnies 
very well. Figs.4 and 5 v J (about). (Coll. Mitchell). 

Ph>Uip*iiA ron/ten Mi tell ell. 

Figs. 0. 7i H, tl, 1U. - I)i fie rent views of one individual. Fig.O a J, and Fig. 
in nearly natural size, lit FigH. H and 1), the mild dorsal hci ration in 
\M ible. In Fig. 10, the hypos tome is plainly seen, and the lather 
large tulsncle of the teimiual axial ring. (Colt. Mitchell). 

Pht/fipMia hirrictjtt Mitchell 

Figs. 11, 1*2.—-Oephalon and tail. {(Mil. Mitchell). 

(trifithidt* eonivuritnditfnM Mitchell. 

Fig. 18.- Iftrinul i lew. (Coll. Mitchell). 

i*lrou(hn*i* Mitchell, 

Fig. 14.—The specific features clearly represented: ( a ,*). (Coll. Mitchell). 

Phiffiftma pwuutt Mitchell. 

Figs, I ft, Hi.—Two views of a pygidmm, the latter uIhiiiI uatuiul size. 
((MU. Mitchell). 

Plate xlvn. 

Pfnffipnia Mitchell. 

Fig.l.- The pygidium originally dew nhed by Mr. K. Ktliendge. *lunt.,a« 

P. tf»*ttuiim. It shows the iiii|M»rtaut features rather clearly. (Coll. 

<ieologicaland Mining Museum, Dept, of Mines, .Sydney. No. 140*21. 

PhWifmn f/rantli * Ktli. til. 

Fig.*2. -Photo of the specimen originally doacriljed by Mr. K, Kthendgc, 
3vun\, and for which the specific narm tjraiid is was first suggested 
hy turn. The figutc show s how different in charaetvV tvv e the pfeiu al 
nhft tvoiw those vA P. rotunda; V\w suture* nVmg the articulating 
vidges, and the wowing «t the Under hy the autvnuv vxW. d VAV. 
theological ami Mining Museum, Dept, of Mines, Sydney, No.lMNl). 

I'hillipHto elonffutu Mitchell. 

Figs,8,4.-Casts from an almost perfect mould or cover. They exhibit 
clearly the features of this fine trilohite. [Coll. Geological and 
Mining Museum, Dept, of Mnjes, Sydney. No. 1500, (oovev)J, 
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Fig.5. -The natural cast. Part of the l ight Hide of theoephalon ia absent. 
SIiowh traces of the left getial spine. (Coll. Geological and Mining 
Museum, Dept. of Mines, Sydney. Fig.3, FI 500, etc.). 

dnnffoijrim# Mitchell. 

Kig.fi.—Part of a pygidmm, showing the continuous border, and other 
essential features, ((kill, Geological and Mining Museum, Dept, of 
Mines, Sydney. No. 1494) 

Fig.7.—A smaller and nearly perfect pygidium; ( * }) (Coll. Geological 
and Mining Museum, Dept, ot Mines, Sydney, No. 1494) 

PhtHiptia robust a Mitchell. 

Fig.8.- -Another view of the pygidmm, only less enlarged. 

Phiflijmti iroofhranli Eth.til. 

Fig. 9.—Medial portion of a cephalon much weathered. (Call. Geological 
Museum, Dept, of Mines, linsWne. No.F.1017). 

Plate xlviii. 

A11 figures on this Plate *>' $ about. 

(h'ljfiihide* coHivxu'antlatH# Mitchell. 

Figs.l, 2. - Doisal and side-v lew. 

Fig.3.—Pygidmm and free cheek, with the eye of a young individual; the 
free cheek partly covering the tail. (Coll. Mitchell). 

rinfhpxia rmchelcnai* Mitchell. 

Figs. 4, 5, <>, 7. -Koui pygidia. They exhibit the specific features. Figs. 
5 and 7 are photos of the specimens used by Mr. Etheridge for his 
figures (PI. xxi., tigs. 6-7, op . e*V,, au/en). (Coll. Geological and 
Mining Museum, Dept, of Mines, Sydney. Nos. E 1495, 3534 (2), 
P I5fl.il. 

Philhpxm noffinM Mitchell 

Figs.8, 9.— Fragmentary head-shield, and faint outline of a poorly pre¬ 
served but almost complete individual. In Kig.H, all the glabellar 
features are visible. (Coll. Mitchell). 

PhiUvjma *tttiiwttenai* Mitchell. 

Figs. 10, M, 12.—-Three different v lews of a mature individual. The speci¬ 
men represented by these figures was used by Mr. Etheridge for his 
Queensland type of P, dobia (PI. viii., tig.3, op, r/V.). (Coll. Geolo¬ 
gical Museum, Dept, of Mince, Brisbane. No.FOHft). 

Fig. 13.— On this photo are the middle part of a cephalon and a pygidium 
of an imroatnre individual. The former shows the normal and 
dunce's hat-likc shape of the glatolla, globular basal glabellar lobes, 
and the relatively strong neok-ring, The pygidium shows tlie nar¬ 
row, prominent axis, eta, characteristic of the species. (Coll. Geo¬ 
logical Museum, Dept, of Miyes, Brisbane. No.F 980). 



BY JOHN MITCHBht. 


491 


PhiftipHM pfmujaia Mitchell. 

Ki«.U. —Portion of a head-shield, thorax, am) tail. The mai kings on the 
liasal glabellar 1 o)k»h ate occidental. The normal gUlwllar frontal 
limb and unterior coutnes of the faeiat Matures are shown. (Coll. 
Geological and Mining Museum, Dept, of Mines, Sydney No. F1408; 
Pal. Mem. Pt* No.2, PI xxi., Hg.‘2). 

Phifhjmia tm/rrha Mitchell. 

* Fig. l.V-Ccphahm mimm the right free cheek. (Coll, Geological and 
Mining Museum, Dept, of Mines. Sydney. No 24). 

PluffijtHta trafi'rhottxf t Mitchell. 

Pigs. 10, 17, 1H.—The first- and second of these are from an intaglio, pud 
the other im from a wpicexc from it. Witli the aid of a lens, the 
features can lie made out. (Cull. Geological and Mining Miineum, 
Dept, of Mines, Sydney. Non. 28 and HO) 

Plate xlix. 

Phiffijma traodtrarrfi Ktll.lil 

Figs 1 0.—Pygidia, all assumed to lielnng to th»H species. All show prac¬ 
tically the same features Figs. H and 4 are more strongly giau- 
ulated than the others; but this difference proltahly aiises from 
degrees of weatheiing. Fig.o wan figured by Mr. Kthcndge Utp cif . 
PI. viii., fig.6)as the normal tail of his P rhtltm* (('oil. Geological 
Museum, Dept, of Mines, Hrishane. Non F fWW, K 1024, Ffifio, 

FlOatt, F9H8, F90S). 

Figs. 7-8.—Photon of a fragmental y ceplmlnu. a Ik ml which I am doubtful 
that it is rightly placed here. It is one of Mr. Etheridges types 
(Geol. and Pal. Queensland and New Guinea, PI. \ ii., fig. IH). (Coll. 
Geological Museum, Dept, of Mine*. Brisbane. No.067). 

PhiHip*m ro>'khni7i}>1onr)i-*i* Mitchell. 

FigH.fi* 10.—Two prints of a nearly complete specimen. Fig 10 has some 
of ita features intensified. This specimen was figured by Mr. 
Etheridge, Junr.. and determined to belong to his P. dnhia [ op, ciV,, 
PI. xliv,, flg.4). This figure eery indifferently represents the 
original, as will be seen by comparing it with the present photos, 
which show its chief characteristic features clearly, (Coll. Queens¬ 
land Museum, No. 716). 

PhiUiptda moryaneiw a Mitchell. 

Figs, 1 M2.—Fig.U represents portions of a cephahm, thorax, pygidium, 
and a bypostome. Fig. 12 is a rough sketch of part of a oephalon. 
(Coll. Geological Museum, Dept of Mines, Brisbane, No.F 1000), 

PhiUipsia woodmn'di Eth.til. 

Figs. 13-14.—Photos of the typespooimen. Fig. 14 has the outline traced 
in* (Goll, Geological Museum* Dept, of Mines, Brisbane. No.966). 
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HvachymetopH* dim riant Mitchell. 

Figs.15*1 fi.— Showing the cephalon ami pygidium of the species. (Coll. 
Geological Museum, Depl. of Mines, Brisbane, No. F 1031; and 
Queensland Museum, Brisliane, K».7U2) 

Plate 1. 

All figures, except 2 and 3, which are nlwmt nat. size, < 3. 

Phifhfmttt ffnintii* Kth. HI. 

Figs.], 2, 3. —Photos of a pygidmrn. Figs,2 and 3 are from casts of No. 1 
in Kig, 1. Besides the pj'gidiuni, parts of at least three free checks, 
etc., are visible. One cheek shows within it the hypostome. The 
borders of these checks aie 1 enmrkably huge. (Coll, Geological 
Museum, Dept, of Mines, BrisUine. No. K 927). 

Phdtlfmu e/oviyata Mitchell. 

Figs.4, fi, 0, 7.—Figs.4 and 7 represent pygidm. Fig.3 is a side-view of a 
very fine specimen, and show s, Insides otliei features, the squatnes* 
of the eyes. Kig. <1, a pygidtum and a portion of a head-shield. 
(Coll, Geological and Mining Museum, Dept, of Mines, Sydney. 
Nos. K 141M>, l.m and loUti). 

PhiffifmtH wkhuMfitoHin#i« Mitchell. 

Kigs.8, 9.—Two pygidm. Kig.8 is a photo of the specimen shown in (tail, 
and Pal. Queensland and Now Guinea, PI. xliv., fig.6. Fig. 9 repre¬ 
sents a young individual, (('oil. Queensland Museum, Brisbane, 
No.833; and Geological Museum, Dept, of Mines. Brisbane, No. 

K7W). 

PhitiifmalV woodtvanli Kth. fil. 

Kig. 10,— On this specimen are several pygidia and a remarkable hypostome, 
doubtfully assumed to lieloug to this species; and, in addition, the 
greater part of a oheek of a ftwkymetopti*; the position of which 
is indicated by an arrow. (Ooll. Geological Museum, Dept, of 
Mines, Brisbane, No. 1007). 

Fig. 11.—Glabella; one of Mr. Etheridge's types. (Coll. Queensland 
Museum, Brisbane. No.707). 

Plate 1). 

If not otherwise indicated, all the figures are x | (about). 

Phiiliptaa moryanenmtt Mitchell. 

Fig.).—A photo, in two sections, of a specimen on whioh are parts of at 
least three individuals, all assumed to belong to this species. The 
glabellar, pygidial, ocular, and hypostomal features are all dis¬ 
cernible, as are also those of the thorax, (Coll. Geological Museum, 
Dept, of Mines, Brisbane. No.F 1000), 
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PhtifipHVi brfruepH Mitchell. 

Fig*.‘2, >3. -Photo ot a specimen nhowiug portions of two cephalic-shields 
and a very perfect pygiduun, whose characteristics are represented* 
Mark the peculiar eoiiti action near the middle of the tail, which 
suggest* a nhoi t tail, and a portion of a thorax. Fig.3, a portion 

of a eephulon. whowing limb, mesial furrow on the right, etc. (Coll 
Mitchell). 

PkUhpsttx cannotUx Mitchell. 

Kign 4-7 -A doiHal and Hide-view of the only pygidium know n. The pro¬ 
portionately very wide liorrief, prominent axis, granulation, and 
other features are fairly vv ell show n. In Fig. fl, the axial and pleural 
division* have lieen intensified slightly. (Coll. Geological and 
Mining Museum, Dept, of Mines, Sydney. No. FI 407). 

Phitfipaia ntanrcftevRUi Mitchell. 

Figs H-10 -Dorsal and side-view of a very peifect tail, and allowing the 
very prominent, mildly seriated axis clearly. In this specimen, all 
the axial tings (1*2. doubtfully 13) are visible, as also are eight 
pleural segments, and the steep striated border. (Coll. Geological 
Museum, Dept, ot Mines, Brisbane. No,F977). 

PhtUtjma ntroitdeimn Mitchell. 

Fig. 11,—- A medium-sized tail, having the dorsal part of the axis damaged; 
but otherwise exhibiting the normal features. (Coll. Mitchell). 

Phillipnia tnoodwnrdi Kth. 61. 

Figs. 12-13. — Portions of cephalon*. Fig. 12 shows the glabellar furrows, 
strong neck-ring, and supplementary lobes, etc., very well. Fig. IS 
exhibits these features less clearly. Fig. 1*2 is from the same speci¬ 
men os that figured by Mr. Etheridge, Junr., {op, ck ., PI. xliv., 
fig.5). (Coll. Queensland Museum, Brisbane, No.707; and Geological 
Museum, Dept, of Mines, Brisbane, No.F 1017). 

PhilUpnia tooodwardi(i) Eth. fll. 

Fig, 14,—This photo shows the fragments of trilobite-remains, on whioh 
Mr. Etheridge chiefly founded his species G. wminifcmx i var. aw- 
iralajtica. On this sped men also ooours the tail of Hmehymetopu* 
duuntani. It remains to be proven that they are not portions of the 
above species. The tails shown on this specimen have the same 
number of axial and pleural divisions, and kind of granulation as 
those included with the oephalons of P . woodward*. (Coll. Queens¬ 
land Museum, Brisbane. No. 712). 

Plate Hi. 

Phitlipiria woodwardi{l) Eth.fib, and Brathymtlopu* rfunstom Mitobeli. 

Flg.1.—This represents a portion of specimen No. 712 of the Queensland 
Museum, Brisbane. On it is the pygidium assumed to belong to 
P . woodxcardis and a pygidium of Br. dumtani in front of the arrow; 
(x3). 


37 
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BrarhymtAopu* dim#tani Mitchell, etc. 

Fig.2.—Enlarged portion of specimen No. V 1017, (ieological Museum, 
Dept, of Mines, llnshane. On it is the intaglio of Br. dun*tarn, 
showing, fairly well, the chief specific features. The other pygidial 
and cephalic imprints are assumed to belong to P . tooodivardi Kth. 
fil.; ( x 8). 

Philhpsia ftnperha Mitchell. 

Fig.3.—Head-shield ( \ $) from the same specimen as PI. xlvih., fig. 15. 

PkUfl/tHUL cothiwi Mitchell. 

Fig.4.—A perfect tail of an immature individual; ( x }). 

Griffith ides amt'e.ricawlatu* Mitchell. 

Fige.ft, fi. —Tails about complete. Fig. 5 is that of a young individual, hut 
shows all the axial and pleural divisions. 

Phi/tipM i« ifnti#rhmi*zi Mitchell. 

Fig.7.—From a cast; it showH the glaliellar furrows plainly; and other 
features 

Plate Ini. 

GrtffithtdeA*) Moeelt Kth.fil. 

Figs. 1,2.—Dorsal aspect. Traces of glabellar furrows are visible, especi¬ 
ally on the right side generally. The important features are well 
shown. The photos are from the type-speoimen; (x 2). (Coll. 
Kweet). 

BrachymtXopUA strzeieckii McCoy. 

Figs-3, 4.—Photos of the enlarged figures of McCoy (foe. cit. 

FigB.5, tt.— Photos of Reed's figures of the species (toe elt. V 

GriffUhidea dubiutt Kth. fcjenr. 

Fig.7.—Copy of the figure given by R. Etheridge, Junr., (in (Isol. Pal. 
Queensland and New (iuinea, 1892, PI. vii., fig. 12). 

PhiUipria woodioardi Kth. fit. 

Figs.8,9.—Copies of Mr. Etheridge’s figures (op. eit., PL vii., figs. 13, 1ft). 

QriflthuUsCt) «eminiferua var. awtf/raUurica. 

Fig. 10.—Copy of Mr. Etheridge's original figure of a free cheek. 



OBRINAHY MONTHLY MEETING. 


Heptrmbkk 25th, 1918. 

Professor H. 0. Chapman, M.D., B.8., President, in the Ch.iir. 

The President announced thatAhe Council had come to the 
conclusion, that the proposed scheme *■ to create a miniature 
Australia in its primary conditions,” on Pulh&li Island in Lake 
Macquarie, as mentioned at last Meeting, was not a matter in 
which the Society could move with advantage, at present. 

The Donations and Exchanges received since the previous 
Monthly Meeting (28th August, 1918), amounting to 4 Yols., 38 
Parts or Nos., 5 Bulletins, 1 Report, and 2 Pamphlets, received 
from 30 Societies, etc., were laid upon the table 

VOTKS AND EXHIBITS. 

Dr. J. B Cleland mentioned that, on two consecutive days ill 
August last, he had heard and seen a Little Penguin, Endpytnla 
minor , off Kurrabu Point, in Neutral Hay. 

Dr. R. J. Till yard exhibited a slide of some transverse sections 
of the Saccoid Caudal Gills of the larva of the Dragonfly Pseudo- 
pkten sp M (Fara. Qalojytevygidfe) from Java, sent by Dr. F. Ris, of 
Rheinau, Switzerland. Tn this preparation, the alveoli show 
some remarkable structures, described originally by Dr. Ris as 
“ moss-like branching tuftB of standing fibrils,” and considered 
by him to be special respiratory organs of the gill. From the 
photographs which Dr. Ris published of these sections, Dr. 
Titlyard concluded that they were artefacts, a conclusion which 
Dr. Kis is unwilling to accept. He therefore sent the slide in 
support of his opinion. The slide shows many alveoli in which 
the fibril-tufts project considerably beyond the boundary of a 
single alveolus. They were examined under the microscope by 



496 


NOTES AND KXHIBIT8. 


biologists and physiologists present at the Meeting, all of whom 
agreed that they were artificial products; though it is not pos¬ 
sible to say definitely what caused them, in view of the fact that 
no information is available as to the method of fixation used by 
the collector who took the larvu in Java. (These Proceedings, 
1917, xlii., pp.51-.54, and Pl.iv., figs.31-33), 

Mr. Fletcher exhibited five portions of typical, water-storing 
Mallee-roots, and one of two bottles of root-water from South 
Australia, received from Mr H. 8. Crummer, through the kind 
co-operation of Mr. T. Gill, of Adelaide, and Mr. G. Murray, of 
Fowler’s Bay, 8.A. 

Dr. R. Greig-Hmith offered some observations, based on a pre¬ 
liminary examination of one of the two samples of water obtained 
from Mallee-roots. 



497 


NEW AND HA HE FRESHWATER AS AIM. 

By O. T. Playfair, lath Hoikvcb Kkhka urn Hoiiolaii of tub 
Univkrhity ok Sydnkv. 

(Plates liv.-lviii.; mid eleven Text-figures,) 

Tn the following notes are embodied observations on a number 
of new and rare freshwater algie, that have come under my notice 
during the last few years. Of those mentioned, a little over two- 
thirds of the new forms, and about half the others, are from 
Lismore, the gleanings of 23 gatherings made during the summers 
of 1916 and 1917: to br precise, from Bept. 16th, 1916, to May 
i 4th, 1917, and from Sept. 21 st, 1917, to Feh. 1 Oth, 1918. Daring 
the colder months of May, June, July, and August, very little of 
interest is to bo found. The others aro from older samples, also 
locally obtained, or out of still earlier gatherings from Sydney. 
In all, 66 new forms are described and figured, 2*1 being ad- 
mitted to specific rank, 29 classed as variations, and 9 as forms: 
one new genus is proposed. 'Hie figures are, of course, all drawn 
from Australian specimens. 

Habitat *.—The districts from which the various forms have 
been obtained are purely of local interest, but more general value 
attaches to the character of the habitat. The iiuudiered gather¬ 
ings, referred to, are accordingly classified^ follows. Plankton 
80, 81, 90, 99, 100, 116, 121, 136, 258, 266, 266, 311, 316, 327, 
328, 332, 340a, 347, 362. Out of weeds (practically plankton): 
3, 26, 60, 158, 184, 189, 193, 272, 317. Mucous strata: 306, 
323, 326. Ponds, lagoons, and swamps account for the remain¬ 
ing twenty. 

One of these last, u swampy pool formed entirely by surface, 
water, deserves special mention; during the two summers, it was 
responsible for 30 out of the 64 new forms here described. The 
samples which refer to it are 284, 286, 298, 302, 308, 311, 312, 

36 
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316, 317, 327, 337, 340<r, 345, 347, 352. The pool is the drain, 
age of a considerable area of ground swampy after rain, and is 
about 2 feet deep in the centre; in droughty weather, it is often 
entirely dry.* 

On account of its unpromising appearance, and to secure every¬ 
thing that might be present, a quantity of water was taken from 
a spot where there was a growth of coarse weeds, the weeds being 
well shaken up, and the bottom disturbed also to some extent. 
This water was strained through a plankton-net of common calico, 
ground-samples from the swamp being sometimes added. Several 
gallons would be treated in this way, and the last quart, or so, 
of water and sediment taken home in a tin and decanted. 

During the periods mentioned above, a gathering was taken, 
on an average, once a month, the main portion of the water being 
drawn from the same spot. The results show the importance of 
a regular periodic examination of a pond. The desmids and 
diatoms were fairly constant, but the Myxophycecp, Volvocacew , 
and Protococcoidew presented, from month to month, an ap¬ 
parently endless succession of forms, new, uncommon, or not 
previously recorded. Rarely could any of these be noted in two 
successive gatherings, and very often they were never seen again. 
For instance, of Chlamydomona$ t 10 different forms, new or rare, 
were noted; of Carteria, 5; of Phaootus , 2; of Valvox, 2; of 
Oocyst™, 7; of 2 f etraedrvn f 7; of Geminella , 4. Yet, in two 
summers, the most that could be said was, that a few of them 
had been recorded a second time. 

Of course the swamg, with its ever-changing conditions of life, 
is the real breeding-ground of all these forms, the pool being 
only the repository of them, Chlamydomona* and Carteria are 
notoriously dependent on rainfall, and are very sensitive to stag¬ 
nation; but I find that forms of Oocystis and Tetraedron are 
just as irregular in their appearance. Probably, the reason is 

* Swampy pools of this sort are the best places to search for new and 
rare forms of miorosoopio life; permanent waters, on the other hand, oan 
generally be relied on to yield a micro-flora and fauna of unvarying 
character. 
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to be found in tho propagation of all these genera by autospores. 
To l>egin with, the autospores differ slightly (and sometimes more 
than slightly) from the parent-cell, and their subsequent develop¬ 
ment along diverging linos will, no doubt, result in more or less 
widely differing forms. 

Another interesting point to be noted is, that now and again 
one or other of these forms would be recorded at the same time 
from some other pool connected with an entirely different water' 
filled, or even in another part of the neighbourhood, but they 
were just as evanescent. 

MYXOPHYCEjE. 

Syn. PhycochrumQphyce<Vi Cyanophycea * f Schiz<y>hyce<r. 

Kam. CHROOCXXX^ACK/K. 

Genus 8 ynechocoocuh Nag. 

Synjcchococcuh orabdjb, n.sp. (Text-fig. 1). 

Cellules magn®, crass®, oblongo-ovales; apicibus 
late-rotundatis; lateribus arcuatis ; cytoplasmuto 
reruginaso, granuioso. 

Long. 33, lat. 23/i. Lismore (34fi). 

Of N&geli’s three species (Gatt. einz. Alg., p.56, 

T. i.E, f.1-3), none are over 20 ji long. & major 
Hchroter, the nearest in size, is cylindrical. See G. Text-fig. I. * 
ft West, Br. Frw. Alg., p.347, f.l61D, E. 

Genus Mkrismopkdium Meyen. 

Mbkibmoprdium punctatum Meyen. (Text-fig. 2<c). 

In Wiegm., Archiv, 1839, p.67, sec. Rabenhorst, FI. Eur. Alg. ( 
ii„ p.57, Syn,, M. Kiitzinyii Nag., Lc. f p.55, T. i.D, f,2. Con 
tents generally pale blue. Usually found in our waters in isolated 
sets of four cells. As figured, however, out of weeds in the river, 
the cells were in large sheets but still semi-detached in ccenobia 
of 4. 

Cell, diam. 2/*, Lismore, Richmond R.(272). 

* Syntehococcn* yt'andisy asp., ( <960), 
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Var. oblonoum Playf. (Text-fig,26, c). 

Biol. Bichm. River, p.135. Generally sparsely distributed in 
isolated sets of 4, or more rarely of 16. The latter were frequent 
in plankton from the Nymboidia River, near Grafton, whore 1 



Text-fltf.2. 

(a) Merixmopedium punctatum Meyen, forma, ( x .">00); (A, c) var. oblonyum 
Playf., (ft x 1000, e x660)i {d, «) var. mcuolatnm , n.var., ( xfi0O); 
(/) At. cyaneum , n.Bp. f ( x060); ig) At. elegant* var. con*tricinm t n.var., 
(x 600); (A) At. duplex , n.Bp., ( x 1380). 


even noted a large cmnobium (30 x 20/x) of four sets of 16 cells 
each. The cells are irregularly oblong, the contents pale blue. 

Cell. long. 2-3, lat. 1 £-2/* (plerumque 3 x 2/a). 

Lismore(350); Grafton (265, 266). 

Var. vacuolatum, n.var. (Texfc-fig.2tf, *). 

Cellulce globoase vel oblong*?; media cellula loco vacuo magno 
occupata. 

Cell. diam. 2/*; vel long. 3, lat. 2 p. Liamore (350). 

f The cells are irregularly globose or oblong, and the centre is 
occupied by a large; vacuole giving each cell the appearance of a 
ring. Globose and oblong cells are sometimes mixed in the same 
ooonobium. 
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Mkkismopkdium cyankum, n.sp. (Text flg.^/). 

CeUuliv ovalos vel oblong; eytoplasnuito cyanco. 

Cell. lung. 3-6, Iftt .ty. Potts Hill (121). 

Crcnobiurn of 4 culls measured 12x6/*, the* cells not quite 
divided; the colour of the cell contents a strong bright blue. 

Mekismopkixum KLKOAXH V. fJONSTKICTUM, H.V»|\ (Text.fig 2//). 

Cirnobiuni membrumiceum, ex ten sum, e cellulis permultis, <*<»n- 
fertis composition; cellulis ob Ion gis medio constrict is, cytoplas- 
mato dilute cierulcjo vel dilute viridi. 

Cainob. long. c. 300, lat. c. *2U0; cell long. 6-7, lat. 1-3/*. 

Ijismore, Richmond It. (1H4, 193). 

The mm obi a wei-e wide-spleading, containing 1024 cells (32 x 
32) or so. Cells oblong, constricted in the middle, pale blue or 
pale green. A tew cells of the type present, oblong, not con 
stricted, 6 x 4/*. 

/ 

Mkhismopkdium duplex, n.sp. (Text-fig.2A). 

Cellule* splnei'ica* vel ovales, remotn*; eytoplasmate dilute 
cieruloo. 

Cell. long. 4, lat. 3/* Cckogee (4). 

Ctenobia small, about 30 x 23/*, consisting of 8-32 cells gener¬ 
ally found half-divided, remote Contents }«ile blue. 

Pam. 0SCILLAT0H1ACK.E. 

Genua Ohcillatoria Vaucher. 

Obcillatokia plena, n.sp. (PI. liv., fig.l). 

Stratum mucosum, foiiaceum, saturate viride; fills arete in- 
trioatiy rootis, juxta apices subito deflex is, baud attenuates, 
apicibua rotundatis, vaginis tcuuissiinis; trichomatis dilutissitne 
icrugineis, ad genicula hand constrictis; articulis subquad ratis 
vel cylindraceis; dissepimentis mgre cornendis, hand gramdatis; 
eytoplasmate tenui-granuloso. 

Diam. til. 2£-3, cell. alt. 2-8/a. Lismore (317). 

A mucous stratum of dark green flakes in shallow water at 
the grassy edge of a swampy pool, in quantity. The filaments 
were very lively under the microscope, as is usual with species of 
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thin genus: and the sheath, though very delicate, was quite dis 
tinet in broken filaments. 1 liave always found it so, even in 
the finest sjMH'ies of OscMhttot'ia. The filaments, in general quite 
straight, were bent suddenly about 10/* from the end, which was 
not attenuated. 

OSCILLATORIA SIMPL1CIS8IMA V. OHANULATA, Il.vai’. (PI. Hv., f.2). 

Forma dissepimentis tenuissime granulatis. 

Diam. fil. 8, cell. alt. 4-6 (plerumque 4/a). 

Lismore (327). 

Filaments free-floating in prodigious quantities, colour pale 
grey-green, contents finely granular, as also are the dissepiments. 

Var. constrict a, n. vat*. (PI. liv., f.3). 

Forma trichoinatis ad genicula levissime constrictis. 

Diam. fil. 13, cell. alt. 4-8/*. Lismore (350). 

Filaments free-floating, more than half as brood again as in 
the type, with the cells slightly constricted, a mere nick at the 
edge. Colour pale blue, contents homogeneous not granular. 
Type in (loiuont, Monog. d. Oscillari6es, p.219, PI. vii., f.l. 

OsCILLATQRIA PRINCBPS Vauch. (PI. liv., f.4). 

Diam. fil. 30-57, cell. alt. 4-8/a. Lismore (350, 352). 

Colour pale grey-blue or grey-green. I mention this species 
* for the sake of giving a figure of a piece of empty sheath show¬ 
ing fixed dissepiments right across, with incipient intermediate 
ones. In surface-view, the septa appeared as faint transverse 
lines, but, in optical section, they showed bulging to one end, as 
if the cells had been violently forced out. 

Genus Fhormioium Kfitz. 

Phobmidium grande, n.sp. (PL liv., f.5). 

Stratum papyraceum olivaceum; filis reotis, apicibus rotundatis, 
calyptra nulla, vaginis plerutnque crassis; trichomatis saturate 
viridibua interdum luteolo-viridibus, ad genioula haud constrictis; 
articulis brevissimis; dissepimentis Jatis, haud granulatis; cyto- 
plaamate tenui-granuloso. 
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Diam. fll. 21-23, trieli. 19-20, coll, alt l£-2£ (plmumjue 2/i). 

Lismore (323). 

An olive-given papyraceous stratum in great quantities on the 
surface of a creek-pool, after heavy rain followed by heat. The 
tl'ichoines under the microscope were of a brilliant given colour 
(very unusual iu this family, but found also in O. ui<jn>~viridi-a) 
or sometimes yellow-green. The tips of the filaments were some¬ 
times rounded, but generally slightly constricted at the terminal 
cell so as to be siibcapitute. 

PlCOUMimiJM NUMAlUUM, ii.sp. (PI. liv., f.6, 7). 

Stratum papyruccmn olivaceum; filis augustissiinis arete in- 
trieatis, vuginis temussimis, apicilms rotundatw ; trichoinatis 
dilute cieruleis, ad genicula valde constrictis, articulisbrevissimis 
disjunctis; cytoplasmate bomogeneo. 

Diam. 51. 2, cell. alt. Lisrnore (326). 

An olive-green papyraceous stratum on the curb stone near a 
down-pipe. The cells of the triehomes are disjoined and are of 
the palisade-type, reminding one of a rouleau of coin, at most 
ipiodrate before division, only to lie distinctly made out with 
the 1 , !J obj., the contents homogeneous, pale blue with a darker 
liand at the sides. 

Pam. NOSTOCACEAS. 

Genus A N a bacn a Bory. 

Anaba^na auhtralica, n.sp. (PI. liv., f.8, 9), 

Trichonmtu angustu, recta, libero natantia, ad genicula 
levissime constricta; cellulis rectangularibus, adpressia, apicibus 
Iruncatis; cytoplasmate dilutissime ceeruleo pame hyalino, homo- 
geneo vel miuutissime grunulato; heterocystidibus angustis eylin- 
d race is, apicibus rotundato-truncatis ; gonidiis angustis cylin¬ 
droma, apicibus rotundatis, lateribus parallelis, juxta hetero- 
cystides ordinatis; cytoplasmate pulcbre cyaneo, granulate. 

Cell. diam. 3-4, alt. 6-10, plerumque 8; heterocyst. diam. 4-5,, 
alt, IOJ‘15; gonid. diam. 5-7, alt. 19-32/a. 

Lismore (327, 337). 

Pound free, floating. Triehomes narrow, very pale blue, 
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almost hyaline, with cells so strictly rectangular and so closely 
adprossed that the trichomo 1ms the appearance of an Oturillaforia ; 
the slight constriction at the joints, a mere nick at the edge, is 
discernible only with the ^ obj. (often the dissepiments also), 
contents homogeneous or finely granular, lieterocysts narrow, 
strictly cylindrical. Gonidia one or two on either side of a 
hetcrocyst, narrow, cylindrical; contents bright blue, granular. 

Var. constricta, n.var. (PI. Jiv., f.10). 

Forma gonidiis in medio constrictis. Cell. diam. 3, alt. K-10: 
hcterocyst. diain. 4, alt. 11; gonid. diatn. 4-6, alt. 19-21/x. 

Lismore (.‘150). 

A form with rather short gonidia somewhat constricted in the 
middle. 

Ahaiuena variabiIjIh var. cymnijuacea, n.var. (PI. liv., f.l 1-13). 

Trichomata fiexuosa, dilute cierulea, ad genicula eonstrietu; 
collulis stricte rectangularibus, disjunct in, apicibus truncatis; 
cytoplasmatc minute granulato ; heterocystidibus oblongis vel 
oblongo-cylindraeeis, apicibus rotundatis; gonidiis doJiformibus, 
([uadratis vel oblongis, disjunctis, apicibus truncatis. 

Cell. diam. *1, alt. 4-6; heterocyst. diam. 4*5, alt. 7J-I0A; gonid. 
diam. 6, alt. 7-10^/i. Lismore (.SI6). 

Easily recognised as A. variabilut by its catenate gonidia remote 
from the lieterocysts, differing from the type, however, in its 
rectangular cells. All parts of the trichorue also seem to be 
slightly more slender than usual. The gonidia were perhaps 
immature, and would probably become oblong with rounded endN. 

Anabasha oscillarioidks var. orassa, n.var. (PL liv., f.l4). 

Forma cellulis crassioribus, globosis (e divisione oblongis vel 
oblongo-constrictis); cytoplasmate ceruginoso; heterocystidibus 
iuterdura rainoribus, sphtericis; gonidiis oblongis, apicibus rotund- 
atis, cytoplasmate wruginoso granulato. 

(1) . Cell. diam. 6-8; heterocyst. 4; gonid. diam. 9, alt 22-23/*. 

Lismore (298). 

(2) . Cell. diam. 8-9£; hcterocyst. 8; gonid. diam. 12, alt 25 p. 

lismore (337). 
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fn this form, the cells are broader and the hetcrocyNts .some 
times narrower than iti the type (cell, diam. 1-6, heterocyst. 6-S, 
gonid. 8-1 0/a); rf Hornet et Plahault, I lev is. d. Nostoc., p.233; 
Tilden, Minnesota Alga*, i., p. 193, PI. ix., f.19. 

Ana baht a lax a var. hortknsik, n.wtr. (PI. li\., f 15, 1(1). 

Forma bet encystithbus cylindrueeis . gomdiis ryhndrnceiN 
elungatis. 

(Jell, diam. 6*7, alt. 8-12, heterocyst. 7, alt. 1 1 16; gomd. 7, 
alt. 33/a, 

Botanic Gardens, Sydney (158). 

.Cf. Sj/htrr<tzyya (A nabtena) ftu'u Rabcnlmrst, FI. Ifiur AJg., h., 
p.193, Tilden, /.r\, p.l92, PL ix., f.18. In the ty|>c, the hetero- 
cysts are spherical, and the gonidia are shorter. Cell eon tents, 
in our form, pale blue, in the heterocysts and gonidia a deeper 
blue. Ralxmhorst, /.**., gives “trichoMolihne . . . htieo-imiginris” 
and “HjHu'i# . . saturate hifru-viridihiis” f<ir the type. 

Genus C \ I. 1 NDKOHPKK M U >1 Kutz. 
CyMXDKOHPKKMUM HTAiiNALK V. AUHTKALK, ll.\ar. (PUi\ f. I 7-2 I ). 

Forum cdlulis cylindrueeis, disjunct is, apicihus tnmeatis ; 
helerocystidibus oblongu-eylindraceis vcl conic is ; gonid i is oh' 
lougis vel oblongo-cylindniceis, apicibus rotiindatis, cytoplasmuto 
puk'hre cyaneo vel dilute \iridi. 

(1) . Cell, diain. 4-5, alt. 5-10 (plerumquc 7-8), hetcrocyst. diam. 

4-6, alt. 8-11; gomd. diain. 9-13, alt. 18-30 /a. Lisniore (302). 

(2) . Cell, diain. 3, alt. 4 10 (plerumquc 4-5); heterdcysl. diam. 
3-4, alt. 7-14; gonid. diam. 7A-9J» alt. 1 1-12 /a Lisniore(306). 

Cf. G. H. Went, Hr. Frw. Alg., p.328, f.150; Tilden, Minnesota 
Algie, i., p.198, PL x., f.2. The type lisa oblong cells; in this 
form, they are quadrate or cylindrical. I found it once (sample 
306) as a grey-green, foliacoous, mucous stratum at the grassy 
edge of a swampy pool. Though the cells and hetcrocysts of the 
interlaced trichomas were all of the same size and shape, there 
were intermingled in this one stmt urn rtw distinct types of 
gonidia . The most frequent answered exactly to C\ stagnate; 
another 1 have already described as O', rectangular »; and the 
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third seems to Ins a form of (\ (Jortxei Hchmidle. I have 
accorded these forms specific rank, an it is the general practice, 
and convenient for classification; besides, what should We char¬ 
acteristic of a species in these plants, if not the shape of the 
gonidia! Nevertheless, their being intermingled in one mucous 
stratum indicates that they are merely allotropic forms of one 
plant, brought about by different modes of growth. 

Most of the tried) omen in the mucus were merely interlaced, 
but here and there they were closely coiled in a spiral manner 
(PI. liv., f.21). This is not uncommon in free-swimming filaments 
of the plankton, but very unusual in mucous strata. 

Cymndrospkhmum rectancujlark. Playf. 

(1) . Uonidia thin-walled, rectangular, heterocysts oblong or 
acutely conical. 

Cell. diam. 3, alt. 4-10; heterocyst. 3-4, alt. 7-14; gonid. 4, 
alt. 14/a. 

Lismore (306). (PL liv., f.22). 

(2) . Uonidia thick-walled,.cylindrical; heterocysts oblong. 

Cell. diam. 4, alt. 5-10 (plerumque 7); heterocyst. 4-6, alt. 8£- 

10 A; gonid. diam. 9J-12, alt. 29-38p. 

Lismore (302). (PI. liv., f.23). 

(If Frw. Algie of the Lismore Distr., these Proceedings, 1915, 
p.349, f.A. 

Var. parvickllula, n.var. (PI. liv., f.24, 25). 

Forma cellulis minimis, plerumque adpressis, quadratis vel 
diametro brevioribus, cellula apicali acute-conica; heterocystidi- 
bus oblougis; gonidiis inteniuui lateribus paullo arcuatis. 

Cell. diam. 2-2£; heterocyst. 3£, alt. 7; gonid. 10, alt. 24 /a. 

Woy Woy (270). 

In a gathering kindly sent me by Mr. A. H. 8. Lucas. The 
cells are unusually small for plants of this family; it should be 
noted, too, that the gonidia are not any smaller on that account. 
The walls of the latter were incrasBate, rufesoent and scrobicu- 
lafce; this takes place with age, however, in the gonidia of every 
specif. 
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Oymnduospkhmum Goktzki Schm., forma. (PI. li\., f.26, 27). 

Trichomata angusta, ml genic w hi const ri eta; cellulis quadrati* 
\el cylindmceis, disjunct is. heterocystidibus oblongis vei conicis, 
gonidiis lanceolatis vet svilnlolifonnibuK, apicihus nngustis trun- 
catifi. 

Cell. dium. H-5, nit. 4-10; heterocvst. 3-6, alt. 6-14; gonid. 7-10, 
alt. II-22/i. Liwnoro(506). 

V vrctamjidai'*' Playf., parting Krw. Alg. Lismorc, p.349, f.A. 
('/. Nchinidle, Schiz. Conj. Cldor. in Englers Flora \oit Afrika, 
H. xxii.. p.245, T. iv., f.5. In this, as in all other species of the 
family, the cells and heterooysts may vary much in shape and 
size, hut the form of the gonid ia is characteristic. With the 
three species of Vyfi w droxpermam mentioned above, compare 
A tmbmui osciflarinidea (type), its var. ntnimpora Born. ife Flail., 
and A . Volzii Jjcmm. These show the same three allotropic 
forms of gonidia in what is, biologically, one species; they are all 
found here with the same (quadrate or cylindrical) cells and 
heterocysts, very often also accompanying one another. 

Flint. SOYTONEMACE^. 

Genus Tolypothrix Kutz. 
Tolypothhix LANATA(Desv.) Wartmann. 
(Text-fig. 3). 

Diam. 61. 15-17, trich. 14; cell. alt.4-8 
(pterumque 4); heterocyst. 15 x 14/*. 
Grafton, Nymboidia H. (265). 

Our specimens agree in dimensions 
fairly well with those given by ll&ben- 
horst, FI. Eur. Alg., ii. f p.277 (ftl. diam. 
14-18£, trich. 11-15/*), hut the cells are 
much shorter (equal to, slightly less than, 
or half as long as the diameter—Kabh.), 
Hheath colourless, £ to 1 |/a thick, trich- 
oiues constricted at the dissepiments, 
cytoplasm pale green or pale greygreen, 
very finely granular. 

Text-fig.3 .—Tolypothrijc lanata (Dosv.) Wartmann; (x660. 
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FL AO KLLATiE. 

Fnm. HYMKNOMONADACK.K. 

Genus S v N u in Ehr. 

Synuka ckanulosn Playf. (PI. lvi., f. 1-3). 

I give another figure of the cells of this species, that in Frw. 
Alg. Lismore, PI. xlv., being shown too finely granulate. The 
granules are fjuite eatti*se, no more than 16 being visible at the 
edge, round the anterior margin. Some, that I noted lately, had 
from J to K minute dark red, or nearly Mark, irregular granules 
at the base of the flagella; or, sometimes, one, larger, simulating 
a stigma, in the gap between the chloroplasts (PI. lvi., f.2, 3). 
The chromatophores in this ease were a very pale green without 
any trace of yellowness, and the wrnobia peculiar in being oblong 
(not globose and stellate), with the cells attached round a central 
peduncle. The origin of these oblong comobia Iwcainc clear 
later, when I found a long cylindrical enmobium (80 /a long by 
:H)/a broad, cells long. 1*2-20, lat, 6-10/a) with a central mucous 
or membranous peduncle (PI. lvi., f.l). The latter being gradu¬ 
ally drawn apart by the perpetual twisting of the cells, the 
ctenobiuni broke up into two oblong colonies. In the same way, 
these probably break up into smaller groups, which become 
regularly stellate by cell-division. Tim formation of the coenobia 
in this genus would appear, therefore, t<> l>e on somewhat the 
same lines as in Anihvphym vegrtan*. 

ffonus Tran k i* l aria PJayf., mnn. emend. 

Vj\ Frw. Alg. Lisiuorc, p.315. I find that “TetuteMa” is pre¬ 
occupied by Ehrenbeig for a genus of diatoms; F have altered 
the name of my new genus, therefore, to Teasdlaria. 

Tksskllahia volvotina Playf. 

fa PI. lvi., f. F, l give a figure of a yellow-green flagellate evi¬ 
dently belonging to this family, which I think is very probably 
a free ssooid of this organism. In shape globose, truncate in 
front, (liam. 10/a, with two long flagella, two small yellow-green 
chromatophores confined to the anterior part of the cell, and a 
number of relatively large refractive globules scattered round 
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just inside the membrane; membrane very delicate. One* e.v. 
wan noted at the side, but perhaps mow were present concealed 
by the globules. 

This organism in its early stage's seems to be distinctly a 
plankton-form and to have a fondness for the surface layer of 
water. Only later, when the camohia have become* heavier, do 
they fall to the bottom and become ground-forms. On the 
suiface of a gathering which was being decanted, 1 was able to 
descry, with the help of u Coddington lens and a ray of direct 
sunlight, quite a miniature w r orld of micTo-ttom and fauna, 
among which there turned out to lw* numbers of TvswMarin 
camobia of varying sizes but all small. 

Incn'ttP sndiit. 

Genus Xant ho discus Schow. 

Xanthoihscus JiAUTKKRACtu Hchew. (PI. Ivi„ f.5, (5). 

Schcwiakow', Geogt*. Verbreit, d. Husswasserprotozocn, Mem. 
Acad. sc. de Ht, Pctersbourg, Her. 7, T. xli., 189.‘b A rare 
flagellate, about whose position and characteristics them seems 
to Iks some uncertainty. Willc, Oonj und Ohlorph., p.2l (in 
Kngler it Prantl, Die naturlicheri PHanzenfami lien) has pltteed it 
as a doubtful genus of the IW/vmw, relying, apparently, on a 
certain similarity to Vkhtmy damnntt* in the arrangement of the 
eell-contenta (fig.7D, E). f first obtained it in great abundance 
out of Myriophi/lhim in the Orphan ‘School Ciwk, near Cmdey 
Vale Rail way-station (March, 1909), and afterwards from Fair 
field; I have noted it also from Gardeners Road, Botany. Un¬ 
fortunately, the disposition of the contents was vague, and my 
lenses at that time not good enough to distinguish any details. 
My recollection is, that the elmmmtophores were pale yellow- 
green (not brown-green as described). One ]x>int, however, 
which is quite certain, has not been noted either in the figure or 
description (/.<;.), viz., that the cell-wall is in two parts, as in 
Pkacotus , merely agglutinated together. The organism appears 
to be a freshwater survival of a large marine family of flagellates 
—the ProroenUntcece —distantly related to the Peridtniw. 
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Stein, in Nature d. Flagell., ii„ T. i., f.27-33, fibres it as Dina - 
py.t‘in hevi# Stein. He shows a pair of c.v. in front; the large 
posterior globule, he considers the nucleus; and the smaller central 
bodies, pyrenoids (two appear in his figures), Lemmcrmann, 
however, Heine n.d. Pacific, p.361, mentions Dinopym# /eerie as 
a synonym of Knirie/hi Lima (Ehr.) Hchutt, (Cryptomtmae Lima 
Ehr.), quoting Sclmtt, Gyinnodiniaceie, p.8, fig.9 (in Engler & 
Prantl, /.c.). Schewiakow's genus and species, therefore, would 
seem to be invalid. As a freshwater form, it is known only 
from Australia. 


CONJUGATE. 

Genus Spirooyra Link. 

Spirooyra Lismorrnsis Playf. 

Biol. Richm. River, p.28, PI. Hi., f. 1. Noted also from the 
Nymboidia River (Grafton Water-supply), infertile. Tt seems, 
therefore, to be a plankton-form. 

Spirooyra mirabilis (Hass.) Kiitz. (text-fig.4). 

l)iara. cell. veg. 18-23, alt. 230-245; cell.fruct. max. 25-42, alt. 
180-190; asygosp. 21-34, alt. 44-93/*. 

Lismore (308). 

Of. Petit, Spir. de Paris, p.14, PI. ill., f.3, 4; Borge (in Paseher, 
Htiaswasserfl. Deutschl.) Zyynnnales^ p.21, f. 17. This seems to 
be the first record of the conjugation of Sp. mirabi/i*, as Borge, 
1913, says “Kopnlation nicht bekannl." The vegetative cells 
were very long, 10-16 times the diameter; there was one chloro- 
plast making 3^-4 turns. With this species should be compared 
Sp. Spreeiana Rabh. The two are so very much alike, both in 
characteristics and dimensions, that, in spite of the replicate cell- 
ends of the latter, T am not convinced that they are distinct 
species. Moreover, Him, Finlandischen Zygnemaoeen, p.ll, f.4, 
in Sp. bmmtnoeneix (= a more slender form of Sp. Spreeiana) 
and in Sp , Spreeiana itself, p.12, f.5, shows both simple and 

replicate septa in the same filament. So also Borge, in Spirogyra 
gpP', Sibiriens Chloroph., p. 8, f, 2, 3 ( **Sp. Spreeiana stouter 
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Text-fig. 4. 

Spii'oyyru mirahili* (Hass.) Klitz ; (a) conjugated cells ( x330); (fc, r) two 
sixes of zygospore, {b * 560, e x 600); (d) form with broader filaments 
arid larger, more slender zygospore, ( * 380), 


dimensions of all these forms; in the diameters of the cells, 
chloroplasts, and zygospores they are all one. 


- 
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Let Sp, knu*amotn*ia be united with Sp, Spreeumfy and our 
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specimens agree perfectly with thorn in all points as well as with 

Sp. mirahtfi*' 

MpiROUtKA NRULKCTA (IlftRR.) Klltz. (PI. Iviii., f. I IS). 

A. Coll. veg. diam. 10-57, alt. 53-360; cell, fruct. diam. ftd 
dissep. 40-57, ml inflation. 05-68, alt. 42 125//. Zygospora* ut 
sequitur:— 

a Zygo. late ovules, long. 52-00, lat. 12-49/a. (PI. Iviii., f.3). 

h Zygo. longius ovules, long. 04-74, lat. 45-51 /a. (PI. Iviii., f 1). 

r Zygo. elliptic**, long. 78-91, lat. 40-51 /a. (PI. Iviii,, f.5). 

//. Zygo. oblongie, long. 75-80, lat. 15-51/a. (PI. Iviii., f.6). 

Lismoro (353). 

(1j\ Petit, SpirtMj. cl. Paris, p.26, PI. ix., f.1-5; Borge, Zy(pu>- 
mrtfrt r, p.29, f .3G. In the very short cells, there are generally 3 
chloroplasts making 1 turn; iti the long cells, 3-5 chloroplasts 
making 2-3 turns. Three forms of chloroplast also were noted 
intermixed; all, however, had the central ridge, which is said to 
he characteristic of the species:— 

(1) . As in Petit, a narrow delicate band with minutely 
irregular tnlges, and very small, almost indistinguishable, pyre- 
noids. Only noted in uneopu luted cells of fertile filaments. 
(PI. Iviii., f.7,8). 

(2) . A very delicate band with finely fimbriated edges; also 
with very minute pyramids. (PI. Iviii., f.9, 10). 

(3) . A 11101*6 robust band with edges irregularly scalloped, not 
fimbriated, and with large, distinct pyramids. (PI. Iviii., f. 11-13). 

Four distinct shapes of zygospore were noted in this one 
sample, and, in such profusion, as to he all present under the 
cover-glass at one time. Inflated sporangia! cells, and uninflated, 
were noted in the same conjugated filament (PL Iviii., f.l, 2). 

B. —Cel I u la? vegetative paullo crassiores ; zygosporis paullo 
majoribus; chloroplastidibus tenuibus laciniatis. 

Cell. veg. diam. 62-64, alt. 70-120; zygo. long. 94-100, lat. 
52-56/a. Lismore (297). 

A broader specimen than usual, with slightly larger zygospores. 
In gatherings of Sp. neylecta there may generally be noted a few 
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filaments of Sp. nitida, easily distinguished l»y their greater 
breadth: — diam. cell. veg. 95-116, alt. 84-360; 3-5 rhlomplnsts 
making 2-3 turns, edges scalloped, a central ridge evident here 
and there, large pyrcnoids 6-10 to tin* half turn. (Lismore, 352, 
353, 358). It is not unlikely that they really form one .species. 
Sp. Ftdfrfwnni Schni., Alg. aus Nyassasee, p 76, T. iii., f.2 (fil. 
diam. 40-42, zygo. 64-80 x 10/*) seems to me a somewhat narrower 
form of tip, tmjfecfn. 

Var. AMYLA( f KA, n.var. (PI. Iviii., f.l 4-16). 

Celluhe vegetativie chloroplastidihus uinylo sidles is, in granula 
f metis; pyrenoidihus maxi mis, granulosis 

Cell. veg. diam. 40 54, alt. 60-260; zygo. long. 74-90, lat. 48 50//. 

Lismore (271). 

In this the chloroplasts have tiecome impregnated with 

ainylum, and have brokeu up into minute irregular grains. The 
central ridge, however, is generally still noticeable, and the 
pyrcnoids are very large (up to 10-12/*), and granular ns in 
Clotttw’ium htnu/ft. The whole of this gathering was of fcho same 
character. The zygospores present were long-elliptic with 
jh noted ends, lying diagonally in short oblong cells which were 
not inflated (as in PI. Iviii., f.l). Probably, howoxer, all the 
various forms of zygospore detailed above for tlie type will lx* 
found also in this variation. Chloroplaats 2-3, making 1A to 3 J 
turns in*the cell. 

Genus Uouokotia (Ag.) Wittr. 

Mouosotia lastrvirkns (A.Hr.) Wittr. (Tcxt-flg.5). 

Cell. veg. diam. 27-44, alt. 255-408; zygo. long. 61-63, lat. 42-53/a. 

Botanic Gardens, Sydney (158); Lismore (328,332). 

Of. Borge, Zygnenwles , p,40, f.62. Tn our specimens, the 
chloroplaats generally have a large number of pyrcnoids, either 
irregularly scattered or arranged in two lines at the edges. This 
is the only species of Mongtotia, as far as 1 know, in which this 
occurs. The pyrenoids are sometimes comparatively small (2-4/a) 
but occasionally very large, diam. 10/*. The contents of the cyst 
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are generally retracted into an oval (53 x 32/ut), oblong (53 x 42/a) 
or more rarely globular (diatn. 42/a) zygospore. 



Mougtotia keUvirens (A.Br.) Wittr.; (a) conjugating filaments with unusu¬ 
ally large pyrenoids; (6, c, d t e) types of zygospores; (all x 330). 

CHLOROPHYCExE. 

Fam. VOLVOCACEiE. 

Oenus Carteria Diesing. 

Cabtebia bugulosa, n.sp. (PI. lv., f.l, 2). 

CellulfB reniformes, in fronte aouminatce, a ter go concaves, 
angulis posterioribus rotundatis. A vertice late elliptic*. Mem- 
brana paullo rufescens, jugis granulatis convergentibus 12, longi- 
tudinaliter dispositis, ornata. Cytoplasma retracto globoao, 
stigmate juxta apicem. 

Long. 17, lat. 23, crass, 17/a. Lismore(311, 312). 

A most curious form, noted in some numbers. The cell-wall 
is much larger than the mass of oytoplaam, and is reniform or 
rather broadly obcordate in shape, with 12 coarse longitudinal 
ridges bearing a series of granules. The ridges converge to a 
point in front and behind. The cell-wall was rufesoent, and the 
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arrangement of the chloroplasts could not he discerned: a distinct 
stigma near the apex was noted, but no pyrenoid. 

Var. aNGULata, n.var. (PI. lv., f.3). 

Korina ad apicem dopressa, in medio depression** papilla in* 
structa; lateribus inf erne paullo angulatis; ceteris ut in fonna 
typica. 

Long. 17, lat. Lismorc. Cum prion. 

A cup-shaped depression with cential papilla replaces the 
pointed apex of the type. The sides run luiek to a slight angle 
in the hinder portion. 

Var. iNiEQUALis, n.var. (PI. lv., f,4). 

Korina major, ova to, in fronte acuminata, a tergo lnte-rutund- 
ata. Moinbrana lutoo-fuscescens; ceteris ut in forma typica. 

Long. 30, lat. 21-25.j/i. Lismore. Cum priori. 

in all specimens of this form there was a minute projection at 
one side of the apex. Undoubtedly, ] think, this variation is 
produced by uneven growth, only one lobe of the cell-wall devel¬ 
oping; the small subapical projection is the remains of the un¬ 
developed lobe. 

Oartehia multifilis (Fresen.) Dill. (PI. lv., f.5, 6). 

Cellulce parvm Npheeriete; membrana tenuissima vel interriurn 
crassa; papilla nulla nec cytoplasmatis projectione; rhloroplastide 
crasso parietali; pyrenoidi in media ccllula. 

Diara. cell. 8-11; pyrenoid. 3/i. Lismorc (345). 

Gf> Fresenius, Beitr. z. Kenntn. mikrosk, Organism., Abb. d. 
Senckeuk Gesells., 1856, p.235. Goroshankin, Morph, u. System, 
d. Chlamyd., ii., 1891, p.120, reproduces Fresenius’ original de¬ 
scription of the type, the chief points of which are;—cell spher¬ 
ical or oval, length 10 - 16 /a, pyrenoid in the centre of the cell, 
oytoplasm minutely granular, stigma between the apex and the 
middle, membrane very delicate, close-fitting. 

1 have not seen Fresenius' figure of the type, but our specimens 
seem to me in some respects to tally with his description better 
than other published figures, and specially in this, that they have 
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a massive parietal chloroplast with a central globular locellus in 
which the pyrenoid (when present) is situated.* Excellent 
figures arc given by Goroshaukin, he., PI. ii., f.14, and by O. S. 
West, Br. Frw. Alg., p.188, f.7.‘iA, B, but in each caRc the 
pyrenoid is eccentric. Frescnius says “/« dev Mittc elv wharf 
umschriebener Kerv." Ours, on the other hand, are smaller* 
(Rabenhorst, however, reports specimens of 6-8/x diam.) quite 
spherical and without any apical protuberance. The cell-wall, 
generally very thin, is sometimes stratified. This speeies, con¬ 
sidered the most common in Europe, is very rare here, in my 
experience. I obtained it (the only time) from two local ponds 
in October, 1917, after the spring rains, in some quantity- 
Though I hod assiduously worked these pools for five years pre¬ 
viously, I had never seen a sign of it before, nor have I noted it 
since from either. 

Carteria dullumna, nom.nov. 

Syn., Carteria multifill *, forma, Australian Frw. Phytoplankt., 
these Proceedings, 1917, p.824, PI. Ivi., f. 1-4. The expression 
“closely fitting membrane” {dichi anHegtmden Haut) in Frese- 
nius' description of <7. mnltifilis rules out this form from any 
connection with the latter. My description, J.c., applies to the 
cell-membrane; the mass of cytoplasm is much smaller and 
attached at the apex (fig.l). The details of the chloroplast, I 
have not yet noted. 

Carteria granulosa, n.sp. (PI. lv., f.7, 8). 

Cellula compressa, fronte visa peene circul&ta, superne flseura 
obliqua instructa; a latere valde compressa, superne in cornua 
duo divisa, cornibus evolutis, Membrana rufeecens, granulosa. 
Cytoplasma retractum, ad cellules apicem alfixura, a latere com- 
pressum. Pyrenoidis nulla nec stigma (in speciminibus notatis). 
Long. 31$, lat. 29$, crass. 10/a. Lismore. 

A compressed form, with granulate cell-wall. Above, the cell- 
wall is divided into two rounded overlapping beads by a deep 

# When the pyrenoid, as in this case and many others that I have 
noticed, is central, it would seem to enclose the nucleus. 
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oblique cleft. In sideview, both cell-wall and green cell are seen 
to be compressed, the cell-wail cleft above and the two hearls 
turned outwards No pyrenoid in the specimens observed. 
Nucleus and stigma not visible, the membrane strongly rufeseent. 

Genus Chi.a m v ij o m on a k Khr. 

Chlamydomonar kknifokmis, n.sp. (PL lv, f. 9, 10). 

Cellule ronipmssa; fronte visa reniformis ubique rotundata, 
pone indontata. A latere compresso, oval is vel ovata. Membrana 
tenuissima glabra, cytoplosmati arete adherens. Pvrenoidis 
nulla nee stigma (in sped mine notato). 

Diam. 10J, alt. 8£/*. Lismore (312). 

A very curious form, of which 1 saw but one specimen. It 
very much resembles Vartrria rntjnfom, and might possibly 1 h 4 a 
young form of that species. The flagella (2) were very distinct 
and unusually thick. On the other hand, the cell-wall is closely 
adherent to the cytoplasm, perfectly smooth and hyaline. 
Ciilamydomoxam IjWmohkxrih v. ouACiuR, n.var. (PL Iv. f f.ll). 

Cellula nnguste cyliudracca, pone rot undata, fronte conica, 
lateribus parallelis. Chloroplastis parietal is; pyrenoide nulla 
visa; stigmate distineto inter apieem ot medium posito, granulis 
paucis juxta apieem. 

Long. 9£, lat 2J//. Lismorc (345). 

The type (these Proceedings, 1917, p.827, PL Ivi., f-18) is ob¬ 
long-cylindrical with rounded ends, and projmrtionatcly broader. 
Tills form is narrower, and conical in front. Chloroplnst bright 
green, homogeneous, parietal, no pyrenoid seen; stigma wick- 
shaped, very distinct, halfway between the apex and the middle. 

Ghlamydomonas rotula, n.sp. (PL lv. # f. 12). 

Cellula oblonga (vcl glolsm ?) ubique rotundata; in media 
cellula pyrenoide iuagna; chloroplastide in discos tenues parietaleN 
multos diviso, disc is singulis ad pyrenoidem ttenia chlorophyllacea 
oonnectis; stigmate nullo vise. 

Long. 19-21, lat. 15; pyrenoid. 6/m. Lismore (345). 

Easily recognised by reason of the extraordinary disposition of 
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the endochroinc. The chloroplast is broken up into a number of 
very delicate parietal discs, each connected with the large central 
pyrenoid by a filament narrowing from without inwards. There 
are about seven discs visible round the margin in optical section. 
Cf. Chi . slellata Pill, Gatt. Chlamyd ., p.17, T. v., f.31-36; Wille, 
Alg. Notizen ix.-xiw, p.134, T. iv. f f.4. The latter, however, has 
a massive chloroplaat, and differs considerably in appearance. 
Chi . rotula also has a papilla or apical protuberance. A Qlaso- 
cy«ti*stage was noted, eight cells in a mucous sphere; the cells 
were in every respect the same as the zoospore. I have given 
this species the name “rotula” as I have my suspicions that 
Oocyatia rotula Playf., is a young Glaiocyatis- stage of it. 

Chlamydomonas alpina (Wille) mihi. (Pl. lv., f.13). 

Ckloromimua alpina Wille, Alg. Notizen ix.-xiv., p.152, T. iii., 
f. 24-34. 

Cell. long. 10£, lat. 7/a. Lismore. 

Noted both with and without a pyrenoid, the latter situated 
close to the posterior end of the cell. The chloroplast-discs are 
about 2-3 p in diameter. Two c.v. observed, and an oval orange- 
coloured stigma in the middle of the cell (near the apex in the 
type). In the specimen measured, the flagella were very long, 
quite twice the length of the cell, but I did not notice if they 
were so in overy instance. Noted in winter, among fungoid 
growth on a rotten stick in swamp-water, 

Chlamydomonas caudata Wille. {Pl.lv., f.14). 

Algologische Notizen ix.-xiv. r p.135, T. iii., f.4-11. The only 
tailed species of Chlamydomonaa; it is impossible to make any 
mistake in the identification. Yet there was not a trace of a 
pyrenoid } though the body was very transparent, and the nucleus 
distinctly visible. Stigma wanting. 

CelL long. 30, lat. 18; corp. long. 20, lat. 12/a. Lismore (344). 

Chlamydomonas maculata, n.sp. (Pl.lv., f.10-17). • 

Cellulw sphttricse, papilla nulla nec projection© apicali; mem- 
brana crassa interdum latnellosa; vacuolis contractilibus 2 ; 
stigmate distincto, hemispheerico, luteo-fusco, paullo supra medium 
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posito; nucleo in media cellula. Chloroplastide valida parietali f 
maculata (superficie externa scrobieulata); pyrenoide plerumque 
nulla (in speciminibus no tat is). 

Diaui. 15-25; membr. 2-4; coll, niatric. 40, autusp. 11-13/t*. 

Lisraoro (345, 350), 

Compare ChL snbcaudata Wille, Alg. Notizen ix.-xiv., p.118, 
T. ui M £.12-18, W. & G. 8. West, Frw. Alg. Brit. Antarct. Exp,, 
p.274, PL xxiv., f.25-29. Generally spherical without apical 
projection; membrane thick, sometimes lamellar in two layers. 
It is distinguished from Chi,, globulosa Perty, by the massive 
parietal chloroplast evenly distributed round the cell-wall except, 
of course, at the apex, and particularly by the fact that the outer 
surface of the chloroplast is pitted, giving it a spotted appear¬ 
ance. all over. The central loccllus is globular. Nucleus central; 
stigma orange-coloured, a little above the middle; pyrenoid 
generally wanting, A mother-cell, however, was noted, contain¬ 
ing four autospores, of winch one had a distinct pyrenoid, in two 
others, it was faintly indicated, and, in the fourth, it was entirely 
absent. 

Var. oblong a, n.var. (PI lv., f.18). 

Celluliw oblong©; ceteris ut in forma typica. 

Long 16, lat. 13£ft. Lismore (350). 

Var. plankton ic a, n.var. (PI. lv. f f.19). 

Cellulce oblonga?, iuterdum apicem versus modice angustata*; 
huinili projectione apicali instructs, membrana tenuissima arete 
adhaerente; stigmate nullo nec pyrenoidi (in speciniinibus notatis); 
ceteris ut in forma typica. 

Long. 20-26, lat. 13-17/x, Lismore (347). 

This form has the same parietal chloroplast with scrobiculw 
on the outer surface, but the membrane is very thin; there is a 
slight apical protuberance, and, m specimens observed, the stigma 
and pyrenoid were absent. 

ChLAMYDOMONAH MKTA8T1GMA gteill. (PL lv., f.20). 

Forma stigmate luteo-fusco, bacillari, subapicali. 

Long. 26, lat. 13 ft. Lismore (327). 
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(If. Stein, Naturg. d. FlagelL, i., T. x\., £.46 . Goroshankin, 
Morph, u. System, d. Chlamyd ., ii., p. 131, PI. iii., £.26. Wille, 
Alg. Notizen ix.-xiv., p.146, T. i\\, f.22. Goroflliankin’s figure 
(reproduced by Wille) differs from the type in being a short oval*, 
whereas Htein’s figure is a long oval, subcylindrical. Our speci¬ 
mens agi*ee with the type in outline and in proportions (Stein's 
figure works out at 20 x 1 1/x), but differs in the position of the 
stigma, which is near the end in tho type, but subapical in ours. 
Goroshankin makes it hemispherical, here it was wick-shaped. 
Thu upper pyrenoid was laterally disposed, and perhaps was 
geminate, or becoming so; Goroshankin notes the occurrence of 
two pyrenoids in front. 

CtIDAftnDOMONAH PAUPKHCULA, lJ.bp. (P). lv., f.21, 22). 

Celluhe longo-ovaUc, subellipticie, in medio latissinue, pone 
paullo angustatie, frontc conieie; apice obtuso paullo prodneto, 
membrana tenuissinm iucunspicua arete adhwrtmte; chloroplastido 
crassa parietali, granulis sparsis superficie exteriore vel interioro 
dispoaitis; stigma to nullo nec pyrenoidi (in speciminibus uotatis). 

Long, i 4-17, lat. 6-8//. Lismore. 

In shape and size, very like Chi. albowi-Ldis Stein, Naturg. d. 
Plagell., i., T. xiv., Abt. vi., tl, 2, 21; (figures 1, 2 work out at 
26 x 13//, tig.2l at 17 x 8/x). The cell is elliptic, conical iti front, 
the apex obtuse ami slightly produced; membrane very thin. 
The chloroplast is massive and parietal, with scattered granules 
sometimes on the outer surface, sometimes on the inner. Though 
viewed with the 1 V obj., tho nucleus was not discernible; pyre- 
uoid aud stigma absent. 

CB IjAMVDOMONAK PUSIM.A, n.sp, (PI. lv., f.23). 

Cellules ovate, ubique rotundate; apice obtuso baud produoto; 
membrana tenuissima, inconspicua, arete adhierente; chloroplast- 
ide crassa, parietali; intus granulate; nucleo in media ctihxla; 
stigmate mediano; pyrenoidi nullo vise. 

Long. 30, lat. 20/*. Lismore (350). 

Cell broadly ovate, rounded off everywhere, obtuse in front 
and without projection. Chloroplast massive, parietal, granulate 
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on the inner surface, no pyrenoid in the specimens observed, 
stigma median. The nearest form seems to he ChJ. media 
Klebs, tteding. d. Foripflan/.., p.425, f. 12, (Willc, Alg. Notizen 
ix.-xiv., p. 140, T. iv., f.ll) which, however, is more planted in 
front, and has a subapical stigma and a pyrenoid at the side in 
the middle. 

('hlamyoomonah anoulosa \ obkha, n.var. (PI. K., f.24). 

Cellula; pras latitudine broviores, rrasste, suligloboste; de singulis 
rebus ut in forma typica. 

Ijong* 16, lat. 14/t. lasmore (650). 

(//: Dili, (Jatt. Chlamyd., p.lfi,T. v., f.21-25; Willc,/.<?., p.141, 
T. iv., f.13. Our form agrees in all details with Dill’s type, but 
in shape it is subglobuse, almost subquadratc, instead of oval. 
Dill’s figure works out at 20 x 14 /j. 

Chlamydomonah pisiform is v. o(*kl?#ata, n.var. (PI. Iv., f.25). 

CcHuUu am bit u fori me typical consimilcs; chloroplastide autem 
parietali; in media cellula locello magno pyrenoidem continent**, 
atigmate nullo viso. 

Long. 17, lat. ty; cell, matric. long. 25, Jat. 19p. 

Lismore (350). 

Cf. Dill, U, p.14, T. 5, f. 13-19; Willc, /.r. f p.t38, T. iv., f. ft. 
Only noted as autaspores, 2, 4, 8 to the mother-cell. In shape, 
they agree exactly with the type, e\en to the slight curve to one 
side, and the apical projection, broad from the front and wick 
like from the side. The ehloroplast, however, is parietal, and 
the centre of the cell occupied by a large locellus containing a 
pyrenoid (diatn. 5/i). No stigma, and the nucleus not discernible. 

Genus 0 h l o k o g o s i v m Khr. 

CttLOROOONIUM MINIMUM, II. Sp. (PI. Iv., f,26). 

Cellulm minute, gracillimae, fusifonnes, pone acutissimm, fronte 
rostrate; membmna tenuissima, arete adh* rente; chloroplastide 
tenuissima, homogenea, parietali; in media cellula locello hyalino 
(fnucleum contingente); fiagellis 2, ex apice oblique orientibus; 
stigmate distincto, bacilliformi, subapicali; pyrenoide nulla. 
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Lxmg. 30, lat. 2-3/x. Auburn: Lismore (350). 

A minute and very slender species, rostrate in front and very 
acute Iceland; membrane very delicate. Chloroplast also very 
delicate, homogeneous, parietal, without pyrenoids. A hyaline 
space, probably containing the nucleus, in the centre of the cell. 
Stigma very distinct, wick-shaped, some distance down from the 
apex. Contractile vacuoles not noted. Flagella 2, going off at 
right angles close to the tip. 

Genus Ptbromonab Seligo. 

PtBROMONAS ANGUL08A V. AUSTRALIS Playf. 

8yn., Pt. alata v. australis Playf., Frw. Alg. Lismore, p.335, 
PI.4 2, f. 14. Pt. alata 8eIigo, is a synonym, it appears, of Pt . 
angnloaa (Carter) Dang., (Crgptoglena unguium Carter, Ann. Nat. 
Hist., 1859, T.l, f.l8a-<;). The side-view (PI. lv., f.28) is chai¬ 
se teristic of the type and all its forms, cf. Chodat, Alg. vertes, 
p.144, fig. 68 E. 

Forma. (PL lv M f.27, 28). 

Membrana a tergo incisa. Long. 22 lat. 15ft. Lismore(312). 

Var. scutiformih, n.var. (PL lv., f.29). 

Collulee membraua oblonga, front© paullo angustata; lateribus 
interne rectis, levissime convergent bus, apicem versus incurvis; 
ttpioe levissime ooncavo; angulis posterioribus rectis; basi in 
medio inflate. 

Long. 16, lat. 11; corp. lat. 8/a. Lismore (344). 

The enveloping membrane is oblong, with straight sides con¬ 
verging slightly, and drawn together in front, the apex a little 
concave. Lower angles square, and at the base convex. In all 
these forms observed here, the chloroplasts, though very pale and 
thin, showed the characteristic cup-shape. No stigma, however, 
was present, nor pyrenoid. 

Var. vjtxiLuroRHis, n.var. (PI. lv., f.30). 

Cellules membrana fere quad rata; lateribus rectis, parallelis; 
apice pUuio; angulis superioribus oblique truncatis; basi convexa; 
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augulis inferioribua obtusis. Pyronoidos parvis 2, pan Ho supra 
cdlulam median) ad latera disposilH*. 

Long. 20, lat. 16, miss. X. corp. lat. 11// Lismore (344). 

The envelope is quadrate with convex base, straight parallel 
sides, flat apex, and the upper angles obliquely truncate. A 
specimen whs noted with two small pyrenoids, on either side one, 
a little above the centre of the cell. No stigma present For 
another example of a pyrenoid on each side, see ChL fongistigma 
Dill, (Wille, /.c., T.iv., f.21). 

Genus Phacotus Perfcy. 

PHACOTUS CRA88U8, n.sp. (PI. Ivi., f.7, 8). 

Cellule fronte visas fere circulate, margins aspera, ad apicem 
papilla instruct®; a latere paullulo compress®, oblong®, lateribus 
Arcuatis, apicibus Iate rotundatis, papilla instructs. Membrana 
crassa, iispera. Cytoplasms, in glol>o retractum, densum, crasse 
granulosum; vacuolis contractilibus 2; etignmte uullo nec 
pyrenoidi. 

Long. 22, lat. 19, crass. 14/a. Lismore (311). 

Nearly circular in face-view, with apical papilla; oblong some¬ 
what compressed from the side, with broadly rounded ends and 
arched sides. The membrane is thick, and rough with irregular 
asperities. The cytoplasm is retracted into a globe beneath the 
apex, contents dense, coarsely granular, two contractile vacuoles 
noted but no stigma or pyrenoid. 

Phacotua glabkr, n.sp. (PI. Ivi., f.9, 10), 

Ceilula? fronte vis® fere circulate, ad apicem eoncavee, papilla 
instruct®; a latere modice ovato-oblong®, ad apicem truncat®, a 
tergu fere heinisphtericte, lateribus levissiine arcuatis. Membrana 
crassa, glabra, dilute rufescens. Cytoplasma in globulo parvo ad 
apicem retractum; stigmate nullo ncc pyrenoidi. 

Long. 22, lat. 21; cytopl. glob. diam. 9|/*. Lismore (312). 

In face-view, nearly circular with a slight concavity, and a 
papilla at the apex; ovate-oblong from the side, sides slightly 
arched, apex truncate, hemispherical behind. Membrane smooth, 
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thick, slightly coloured, (Irecii cell remarkably small, retracted 
1i» tin* apex, no stigma, no pvrenoid. 

Forum. (PI. Ivi , f.ll). 

Cellulic fronte \ r isat? haud circular® sod mod ice quadrat®, 
ubique rotund&tn; ad apicem quam levissitnc concavws, papilla 
nulla; ceteris ut in forma typica. 

Long. 21, lat. 19, crass 14; corp. 13//. Lismore (312). 

Rather rounded-quadrate than circular in face-view, apex very 
slightly concave, no papilla; other details as m the type 

Forma. (Pl.lvi,, £12). 

(Jellulie ad apicem paullo quadrat®, jioiie circulate; membrana 
omasa, saturate rufescetite; cytoplasmate in massaovata retracto; 
chloroptastide parietal) intus granulis amvlaceis magnis oruata; 
vaeuolis contraetilibus distinct is 2; stigma te media no. 

Long. 21, lat. 20; corp. long. 12, lat. 10//. Lismore (345). 

In sliape, intermediate between the two forms (mpra), being 
brood and “shouldered” above, ami circular below. Membrane 
deeply rufcHcent; cytoplasm »*etracted into a Hinall ovate mass; 
rhloroplast {larietal, granulate oil the inner surface with large 
granules; stigma distinct, median; two contractile vacuoles dis¬ 
tinctly visible. These details are very rarely observable in 

PhacohtM. 

PlIACOTUH AUSTUAMH, ll.Hp. (PI. Ivi., £13, 14). 

Cellul® fronte vis® fere circulate, ad apicem eoncavie, papilla 
instruct®; n latere valde compress®, elliptic®, apicibus acute* 
rotund at is. Membrana tenuis, glabra, dilutissime rufescens. 
Cytoplasma in massa apicali retractum, a latere visum com* 
prossum, ovatum; stigmatc nullo nec pyrenoidi. 

Long. 20, lat. 21, cross. c. M/x. Lismore (350). 

Almost circular in face-view with a slight apical concavity and 
papilla; from the side very compressed, elliptic with acutely 
rounded ends. Membrane thin, smooth, pale biscuit-colour, with 
a matt surface. Cytoplasm retracted, compressed, ovate, in side- 
view ; v no stigma nor pyrenoid. 
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GeilUH H p o N I> V T. O M O It II M Ehl*. 

SPOIUtYLOMORIJM QU \TKHNARIUM Ehl*. 

Eli ran berg, Beob. zweier gonoriseh. neuor Formen d. Fnihlingn 
gewasnerw bei Berlin, Mouatsbor. d. fieri. Ami. d. Wissensch., 
1848. Vj\ Stein, /.r., T. xviii M f. 30-34. Syn., JinrkUlm rvruuta 
W. <k G. H. West, Frw. Alg. Burma, p.228, PI. xii., f. 19-21, f/w 
Casinttcnaia Playf., Biol. Riclim. 11,, p.108, PI. ii./f.l 3 

This flagellate seems to be very little known; it in not men¬ 
tioned either by Chodat in Alg. vertesdo la Suisse, 1902. nor by 
G. S. West in Br. Frw. Alga*, 1904. Ijetiimennanrt reports it 
from a single locality in Sweden, but it is not included in fineh- 
inaniiH l)asPhytoplanktondosSusswassers, 1911. In my former 
paper, 1 had not the assistance of Stein’s excellent illustrations, 
also the figure and description of this organism published in the 
Micrographic Dictionary, p.7‘21, PL3, f.23, are entirely incorract 
and misleading. The figure here given agrees almost exactly 
with that by Stein, /.<*., f.30, save that the stigma is allow, not 
below, the centra. 

The comobia are generally oblong, consisting of rings of four 
cells, arranged one above another. They easily break up cither 
longitudinally or transversely; in the latter case, the resulting 
cmnobia are often hemispherical or rosette-shaped. The cells, 
originally globose, very soon become broadly oval or ovate; the 
membrane is very delicate, and, by reason of their very rapid 
movement through the water, it is generally drawn out at the 
hock into a short pointed sac, at first very indistinctly outlined 
Later, however, it becomes stouter and more evident. The chlo- 
roplast is cup-shaped, generally without a pyrenoid; there is a 
central nucleus, two apifcal contractile vacuoles, and a stigma, 
median or a little above or below the midline* The internal 
details, however, are not easily seen, as the cytoplasm is gener¬ 
ally very dense. In a zooid which became detached from a 
eronobium, I was able to see distinctly that there are two un- t 
usually long apical flagella. Noted from at least four different 
spots round Lismore. 

Ccenob, long. 28-40, lat. 22-27; coll long. 10-20, lat. 6-12/*. 
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Merrylands (Sydney), Casino (189); Lismore (237, 246, 307, 
344). 

Yar. kobtbatum, n.var. (PI. Ivi., f,16, 17). 

Celluln plerurnque 4*8 in fascina conjunct®, fronte globos®, 
pone in rostrum acutum levissime curvatum product**. Cum 
forma typica atque ejusdem dimension is. 

Ccenobia generally small, with a few cells in a bunch or rosette, 
cells globose in front, and behind drawn out into a sharp pointed 
slightly curved beak; cytoplasm and chloroplast filling the whole 
cell, only the tip hyaline. Generally no pyrenoid or stigma. 

Genus Volvulina Playf. 

Volvulina Steinii Playf. (PI. Ivi., f. 18). 

Ccenob. diam. 70, cell. diam. 15, alt. 12/t. Lismore (350). 

In a ccenobium of the type with very transparent pale green 
cells, a minute central nucleus could be observed. The flagella 
originated close together, and, of their base, two contractile 
vacuoles, as in Stein, f.c. In some cells, a large orange-coloured 
stigma on the margin in front. The investing membrane of the 
ccenobium, as usual, very delicate, and the cells, which were 
nearly spherical, were pressed close against it. 

Genus Voivox Linn. 

Volvox aureus var. HKMisPHARicus, n.var. (PI. Ivi., £.19, 20). 

Ccenobium muco investiente tenui; cellulis vertice visis circu- 
latis, di&metro inter se distantibus; a latere plus minusve herai- 
sphtericis, basi plana. Cytoplasma granulis magnis amylaceis 
singulis instructum, stigmate ad marginem; vaouolis contracts i- 
bus 3 circa marginem; pyrenoidi nulla. 

Cell. diam. 8-8£p. Lismore (311, 328). 

The investing mucus of the ccenobium very thin, cells quite 
close to the edge. From above, the latter are circular, about 
one diameter apart, with a large amylaceous granule towards the 
centre, stigma at the margin, and three contractile vacuoles at 
intervals round the circumference. In side-view, the cells are 
more or less hemispherical, with a flat face closely adpressed to 
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the investing mucus. The connecting filament arises at the 
angle. Tn the shape of the cells, this form recalls Volvulina 
Steinii, which also has, sometimes, a series of c.v. round the 
circumference. 

Volvox Cartrri Stein. (PI. lvi. t £21. 22). 

Ccenob. diam. ad 900; cell. diam. 4-5, inter se distant. 7-10; 
zygo. immat. diam. 44-46, matur. ad 60/*. 

Lismore (311, 327, 328). 

Cf Carter, Ann. Mag. Nat. Hist., Her. 2, Vol. iii. T have not 
access, unfortunately, either to Carter’s paper or to that of Stein 
(the species is not mentioned in his Naturg. d. Flagell.), but 
Lemmermann, Das Plankton schwedischer Oewasser, p. 105, in 
one of his very useful little reviews of various genera, gives the 
name, with the remark that the zygotes “are said to possess an 
undulate membrane.” By this character, I was able to recognise 
the species. The coenohium is like that of V. ter tin a Meyer, with 
globular cells which, even under the T V obj., show no signs of 
connecting filaments. It is the immature zygote which has an 
undulate membrane (cell. diam. 31-33, lat. max. 44-46/*); when 
mature, the undulations have been produced into stout, slightly 
curved spines (cell. diam. 36-37, lat. max. 53-60/*). Several dozen 
zygotes in the ccenobiuni. 1 have the species from two places at 
Lismore; it would appear to be the first time that this Volvo? 
has been recorded since Carter discovered it in India, fifty years, 
or so, ago. 

Fam. PLEUR4KX)COACFJE. 

Genus Elakatothrix Wille, 

Elakatotiirix gelatinosa Wille. (PI. lvii., f.l, 2). 

Cell. long. 15, lat. 3/*. Sydney Water-supply (100). 

CJ\ Wille, Conj. u. Cbloroph., p.38, fig,18A-E ; W. <fc G. S. 
West, Phytoplankton Eng. Lake Distr. (Naturalist, 1909), p.291, 
f.6. A ccenobium of four lately-divided cells (8 x 2/*), and a 
single full-grown cell (15 x 3/*) noted in the filtrates of the Sydney 
Water-supply. This organism bears a suspicious resemblance to 
Spirotosnia acuta Hilse (see W. & G. S. West, Brit. Desm., i*, PI, 
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iii., f. 1 t, 15). Known hitherto only from Norwegian ami English 
lakes. 

Genus 1) a ct v lot ii b<; e Lugerh. 

Iiactylothkok ahouatum, n.sp. (PL Ivii., f.3, 4). 

CVllulns sjwirste in muco amorpho iinolutte; f route visas lineari- 
ellipticu*, cjnain levissimc u re untie, upicibus obtusis; a latere recto*, 
lineari-ellipticw, lateribus quarn levisnime eon vex is, apicilms ob- 
tusis; membraim teuui; ehloroplastide tenuissiina, parietali, minute 
granulosa, interdum in medio di\isa; pyrenoidibus nullis. 

Cell. long. 14- 15, lat. 3-4p. Lisin ore (302). 

About 30 cells in u clump, irregularly disposed, enveloped in 
mucus Cells linear-elliptic, straight in side-view but from the 
front arcuate, one side slightly concave, almost Hat, the other 
distinctly convex, ends obtuse. Membrane thin , chloroplast 
delicate, parietal, pale green, minutely granular, sometimes 
divided in the middle, no pyrenoids. 

Fam. PROTOCOOC ACK/E. 

Genus Charackum A.Jlr. 

Chauacium outtula, n.sp. (Text-fig. 6a). 

('el hi Icp cor pore ovato levissimc eurvato, supra rotundatu, subter 



• Toxt-fig.6. 

(a) Charttcinm yiUlnta, n.sp.; {b, c) Ch. cera**\forme \ar, minimum, n.var.; 
(d) Ch , omithocephcUum A.Br.; (all x 1000}. 

rnstrato in petiolum iongum tenuissimum protracto; merabrana 
tenui; ehloroplastide interdum pyrenoidibus singulis oontinente. 
Cell. long. max. 25-40; oorp. long. 12-16, lat. 6-8/x. 

Lismore (284, 286). 
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Colls drop-shaped, rounded above, pointed below, and drawn 
out into a slightly curved hyaline beak, which merges into a long 
thin hyaline stalk as in Ch. hnujipe*. Membrane thin, eliloro- 
plasts sometimes containing a pyrenoid. Noted from two spots 
at Lismotv, singly, or several in a clump, on filamentous alga?, 

Chaiiaciuw rERASStFORVR V. MINIMUM, n.Vftr. 

Ollulw mi untie, supra rntundatec nee deplanatie; petioloparvo 
nut nullo; magnitinline forma? typiew triens. 

Long. I MS, hit. 1 0/a. Tjismore. 

Cf. Ch. ivrfwuj7«nw»' Kich. & Rocib., Nowe gat. zielenie, p.l, 
T. iii., f.12; also Ch. pyrifonut A. Braun, Alg. unicell., p. tO, 
T. v.R About one-third the si/e of the type, ami not flattened 
ttlwrn?, Ch. is more globose in the laxly of the cell 

than Ch. pyriform**. On Trfhou*mn, (Text fig.fi/>, /•). 

Chahacium ohnithocrphalijm A.Br. (Text fig.Gi/), 

Long. corp. 23, lat. 7J; pot i oh long. 1 t/i. fas more. 

Ham. If YI )ROt * AHTR At IK K. 

Oenus Ur vklla, gen. no v. 

Character idem at* speciei. 

UrNELLA TKRREHTHIH, Np.llllica. (Text -fig.?«-/•). 

CVllulw priinum clavata*, deinde dehiseione anguste-urnifonncK; 
lateribus subparallel is; ore e verso; Iwwi rotundata; aut Imiuo 
sedentos aut tubulo incequali longo erectro. Moinhrana tenuis, 
hyalina. Chloroplastis parietalis in extrema cellula contract*, 
pyrenoidibuB plurimis. 

Corp. urniform. long. 00-90, lat. 12-20; tubul, long. ad 160, lat. 
7-M/z. Auburn. 

Noted in a groen growth on a garden-path (clay) in very wot 
weather. The important j>arfc of the plant seems to be the long 
clttvato cell which, at dehiscence, becomes a slender urn-shape, 
rounded below, with sides almost parallel, and the rim everted. 
This cell is sometimes seated on the ground, sometimes erected 
at the end of a fairly long irregular tubule of which it really 
forms the inflated head. Membrane thin and hyaline, the chlo- 


40 
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roplosts deep green, parietal, collected at the end of the cell, and 
containing several pyrenoida. Reproduction apparently hy ssoo- 
gouidia. The plant bears a general resemblance to Protmiphtm 
Klebs, bnt it does not form a series of gemni<e y nor does the apical 



Text-flg.7* 

(a) Urn dla terrtutrtA t gen.nov. et »p.* (xfiOO); {b, c) tubular form ( x 330); 
(d) var. a )mormi* t u.var., ( x 500); (*) akinetea ?, ( x 500). 

cell multiply by division, but seems to be entirely a gonidangium 
There is also a great likeness to Codiohim greyariutn A.Br., but 
the lAtter has a thick cell-wall and a laminated *tipes—“atipitem 
elongatnm hyaHnum soHdntn (ytltUinn indnrata furctum)” —A. 
|3mun, Alg. unicell, p.20, T, i. 
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Vat\ arnormis, n.var. (Texfc-fig.7d). 

('elhi la tota tubiformin, longe p rot rant a nee corpora umiforini 
in oxtromo instructa. 

Coll. long. o. 150-200, hit. 7 t Oja. Auburn. 

Til this form, found with the typo, this coll, probably by excess 
of rain, is drawn out into a simple irregular tube, dehiscing at 
the end. There are none of the inti at ions in the tube which 
evidence previous attempts at forming the gonidangium. Repro¬ 
duction probably by zoogonidia, and perhaps also by akinetes; 
(Text-fig. 7"). 

Ham. OOOYNTACK.K. 

Oenus K it K M o h p II iE r \ I >0 By. 

RKKMosrHi’KR\ viihiiih v. trtraR iiRiOA, n.var. (PI. Ivii., f.5). 

Forma tetraedriea, latoribus valde areuatis nodi bus 4 levissime 
angnlatis. 

(Jell. diam. 110/*. Lismore (308). 

A curious, form, in which the cell looks as if it were an inflated 
tetraedron. The sides are well arched, and the angles only 
slightly marked. 

The hypnospore of A\ tnrifih f, which was dfNrrihrd and figured 
hy me in Oocyst in and Er^mosphrcra^ p. 110, f.fl, I have lately 
noted again in a fresh gathering (310) from Lismore. Outer cell 
diam. 120, hypnospore 97ft. The aerobiculations are closer even 
than figured, being only about their diameter apart, and the 
scrohiculatc membrane is backixl, apparently, by the thick muci¬ 
laginous lining often found in Ercmosphmra. The contents were 
green, but the chlorophyll seemed to be diffused in an even 
parietal layer, no distinct chloroplasts being visible. 

Oenus Oocyst is Nag. 

Oocystik KOTur.A Plftyf. (PI. Ivii,, f.fi, 7). 

Cimob. diam. 50, autosp. diam, 12ft. Lismore. 

(jj\ Chodat, Entwickl. d. Erem. virid., f. 13,21; Playfair, 
Oocysti* and Ercmasph; p.130, PI. vii., f.31. Cmnobium spheri¬ 
cal, thin-walled, containing 8 spherical autospotm The latter 
are thick-walled, each with a central pyrenoid and cuneatc ehlo- 
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roplasts radiating out from it, six visible in optical section. It is 
very difficult to see how they show at the surface, probably as 
delicate discs. T had hardly finished congratulating myself on 
this find, when a Chlamydomunaa with similar cell-contents 
turned up (from a different pool, however) and cast groat sus¬ 
picion on its validity a# an Oocyfitis; (see Chi. rotula), 

Oooystis nodumwa v. CRASSA, n.var. (Text-fig.8). 


Forma prw longitudine crassior, 
subglobosa: mombrana crassa; apiei- 
bus et interiore incnissatis ct exterioro 
tubcrculatis ut in forma typica. 

Cell. long. 35, hit. 28A-29J; cell, 
matric. 84-74ft. 

Lismore (308). 

CJ\ W. West, New Brit. Frw. Alg. 

(J.R.M.S. 1894), PI.iL, f. 31. Our 
specimens are larger than the type, 
and proportionately J bi*oader, which 
makes them, therefore, subglobose, Oocysti* nodulom var. craasu 
not oval. W. West gives long. 26-26, n. var*, mother-oell with two 
kt. 16-17/as the dimensions. »»tospore.; (x 600). 



Text-fig. 8. 


Oocystis LAcusTRis v. natanb (Lemro.) Playf. (PI. Ivii., f.8, 9). 

CcEnob. long. f>7, kt. 38; cell. long. 23, lat 12}/s. 

Lismore (316). 

Cf. Oocystw and Eremotph., p,12fi, f. 14ft, Our specimens are 
the same diameter as the type, but a trifle longer; thechlorqplast 
also is more reticulate. The shape of the mother-cell is charac¬ 
teristic of 0 . lacnatris, as also the arrangement of the autospores, 
l,o., PI. vii., f.20. 


Oenus Phancbia Lemm. 

Francbia oblonoa, n.sp. (PI. Ivii., f.10). 

Celluln oblongs nec ovales; membrana crassa; setis tenuissimis 
nbique vestitis. 

Cell long, 15, lat. 10; set. long. 16 ft. 


Lismon (332). 
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Cf. Fraw'f ia tyt'afiM (Franck) Lemm. in Willc, Conj. u. Cldoroph., 
p .59, f.31, which works out at 25 x 15£/a. Our form, however, 
is distinctly oblong. The contents are deep green, showing 
signs of dhision into four parts. 

Genus L a « k k h k i m t a Ghodat. 

Laobhhkimia klmptica, n.sp. (PI. lvii., f.ll). 

Cellulce exftete ellipticie, groeilcs, utroque polo setis longis suh- 
apienlibuR binis instruct®. Cell. long. 12£, lat. 6; set. long. 20/a. 

Hydney Water-supply (100). 

The nearest form t(» this, i know of, is L. fjfinri't'intiM \. yraw/U 
Playf., (L. I'itiafa \. gmeilik) Plankt. Sydney Water-supply, PI. 
liii., f.10-1'2. The latter, however, is narrowly cylindrical, while 
this form is u jmrfcct, slender ellipse. 

Genus Brhnardu Playf. 

BkKNAKDU TKTKAKftRICA, n.sp. (PI. lvii., f 12). 

Collula* sphteric®, spinis longis cavis gracillimiB 4, tetraedrice 
ordinatis instruct®; spinis basi valde inftatis, apice obtusis. 

Diatn. c. spin. 30; corp. 5/a. Lismorc (351). 

This sjHscies consists of a single spherical cell with (apparently) 
the membrane drawn out into four long very slender hollow 
spines, arranged tctraedrically. 'Hie spines arc blunt at the 
extreme tip, not acutely pointed, and at the base are greatly in¬ 
flated. CltloroplasL delicate, pale green, parietal, confined to the 
central pari of the cell. Cf. liernardia Chodati (Bernard) Playf., 
Austral. Frw. Phytopl., PI. lix., f.5, 6. 

Genus Kuichxkriklla Scbm. 

Kikohnkriklla obksa W. tV. G. S. West. (PI. lvii., f 13-16). 

Cell. lat. (MO, alt. 6-8, crass. 3£-6/a. Clyde, Duck Creek(26). 

Cf W. tt G. 8. West, New Brit. Frw. Alg., p.16. Syn., 
Srleiuuttrnm itbesum W. West, Alg. Eng. Lake Dist., p.22, PI. x., 
f.50-52; A". xubttofitaria G. 8 . West, Some Critical Green Alg®, 
p.285, PI. 20, f. 20-30. Dimensions of the type, “diam. max. 6-9/a, 
crass, cell. 34‘2/a”; of A", mbmdUaria^ l( diam. max. 6-7/a, crass, 
cell. 2‘9-3‘2/a.” 1 have found this form only once. 
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Cenus Tkthakokon Katz. 

Tktuakdhon uuanulghum, n.sp. (PI. Ivii., f. 17, IS). 

Cel lube plana?, parvw, triangulares; lutenbus rectin in medio 
le\ issiine eon vex is; angulisacutis baud intiatis; membrunu grosso 
granuliita, granulib in quiucimmn ordiimtis. A latere \isiv, 
niodice compi-essic, ellipticodaneeolutfo, Angulis acuminatis. 

Celt, diani. 21, cim. 1 l/i. LiHinore(W)2). 

The specimens noted were flat, not tetrahedral, triangular with 
straiglit .sides slightly convex in the centre; angles acute, not 
inHated; membrane eoai’sely granulate in quincunx. From the 
side, elliptic-lanceolate with pointed ends. In the conin' of the 
cell might Ik; discerned a minute nucleus enclosed ina pale brown 
globule (? pyrcuoid). Sometimes the nucleus was entirely hidden 
by the globule, which then had the appearance of a largo brown 
pyrenoid; cf. Oacyatia and p. I2(i, remarks on 0 . 

laoustris and p.137 on 0. tmilin v. n/fimlmcra, 

where the same phenomenon occurs. 

TimiAKimox yUAJm \tum f. minou HoiihcIi. (PI. Ivii., f. 1D). 

CoJlula plana, diain. sine spinis 17/4. Lisinum 

Forma kxcavata, n.f. (PI. Ivii., f.20). 

Forma plana, later i bus alternant i bus concavis, alter is levissiino 
convexis; augulis spinis brevibus acutis singulis anuatis. 

Cell. diam. 19, alt. 15 p, a.sp. Lismorc. Cum priori. 

Vj\ lleinsch, Monog. Pohjrdrimu, p.500, T, iv., fig.Td. This in 
a variant of f. minor with alternate sides concave, the oilier sides 
generally somewhat convex. 

Tktkakdkon cauoatum v. australk, invar. (PJ. Ivii., f.21,22). 

Celluluj intequaliter pentaedriciu; angulis acutis, spinulis min- 
utis singulis urmatis; lateribus concavis; utrinque infra margined) 
angulis maimuilltttis armatis singulis instruct*. A latere, plan* 
(ichnogr&phia uuiversa respecta), lanceolato-elliptica>, apieibus 
acutis armatis; altero latere convex*, altero autem angulis mam- 
millatis armatis binis projicientibus, instruct*. 

Cell. lat. max. c. spinis 2l/i. Lismore. Cum priori. 
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C£. Polyrdrium pentatjonum Roinsch, Algenfl. v. Frank., T.iii., 
fig. ii.c( = T&tr. caudainm Cord a) which is exactly the same shape 
but without the two mammillnte angles which jut out from one 
side. 


Tetrabdron regulars v. ocTAEDRicuM (Rein.) mihi. 

Cellules angulis scnis octonisve pncditai (PI. Ivii., f.23). 

Cell. diam. 17/a. Lismore 

Cf. Polyedrinm octacdricnm v spinvxum Rein sell, Algenfl. v. 
Frank, p.78, T. v., fig v., 1867. In this place, Rein sell lias 
united two distinct types under one name* (P octavdricnrn Rein., 
Mono". Polyedr , p.D07, 1888). The first of these, T. v., fig. iv., 
must retain the specific name, while the other, T. v., fig v., is 
evidently a form of Tet.i\.rcyidare Kut/..( « P. lefrnedncnm Nag.), 
with from six to eight angles instead of four. Our specimens 
are the same .shape as Reinscli's fig. v b , but very much smaller; 
he gives Iat. 38-47/a. 

Tetrabdron hastatum v. eleoans Playf. 

Cell diam. c. proc. 30 /a. Noted lately at Lismore (362), only 
kuown previously from Parramatta. Cf. Austral. Frw. PhytopJ , 
p.845, PI. lviri., f.27. 

Tetrabdron ACUTUM V. RKCTILIKKARE Plttyf. 

Cell. diam. c. spin. 34-40 /a, sp. long. 10/4. Confirmed from 
Lismore (362), only recorded previously from Enoggera; ibidem , 
p.845 f PI. lviii., f,26. 

Tktkakdron conicum, u.sp. (Pl.lvii., f.24;. 

Colluhe tetruedriew; angulis coniciu vix inflatis; apieibus mu- 
ticis, obtuserotundatis; lateribus levissime couch vis 

Coll. diam. 19-25/a. Lismore (362). 

The cells are tetrahedral, composed of four conical angles 
meeting in the centre. The angles can hardly be called inflated, 
the sides of the cones being almost straight. The apices are 
bluntly rounded, without point or spine. 

* Polycdrium acuminatum spinout m at the Iwtteni of Plato v M /.<*., »« 
either a ulip of the pen or a printer's eiror. 
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Tetrakdron minimum v. rectilineark Playf. (PI. lvii., f.25). 

Cell. Ion". 11J, lat. 10J/x. Botanic Gardens, Sydney (3). 

Qf. Australian Freshwater Phytoplankton, these Proceedings, 
1917, p.842, P1.58, f.16, 17. Known to me previously only from 
Guildford. A rare form. 

Tktkaedhon obtusum, n.sp. (PI. lvii., f.26). 

Cellule tctraedricw; lateribus reel is; angulis rostratis; rostris 
crassis quadratis, brevihus; apicibus truncatis. 

Cell. diam. 21/4. Lismore (362). 

Cell tetrahedral, sides straight, angles produced into a snub¬ 
nosed rostrum, the latter broad, quadrate, truncate. 

Tktuakdkon trkjonum Nag., forma (PI. lvii., f.27, 28). 

Fonna lateribus in medio quain levissitne retusis; spin is bre- 
vissimis oblique recurvis; metnbrana crassa. 

Cell diam. 36, crass. 20/4. Lismore (345). 

Syn., Polycdrium teivagonum fj punclatum (Kirchn.) Lag., 
Bidrag till Sveriges Algflora, p.62, T. i., f.28. P. irigonum e 
pnnetatum Kirchn., Alg. v. Hchles., p.104 (sec. Lagerheim, Lc.). 
The type has sides simply arched, with or without a small 
straight spine at the angles. In this form, the sides are slightly 
flattened or retuse in the middle, and the spines are obliquely 
recurved. Our specimen was not punctate. For the type, qf. 
Nageli, Gatt. cinss Alg , T. iv.B, figs, la and 3a, b only. 

Kam. HYDRODICTYACKAS. 

Genus Pkuiastrum Meyen. 

Pediastkum bimplkx Meyen. (PI. lvii., £.29, 30). 

Coenob. (cell. 4) c proc. long. 35-50, lat. 33-48; s. proc. long. 
17-24, lat. 16-22; cell. long. 24-34, lat. 12-17/u. Coenob. (cell, 8) 
diam. 50-64; cell. long. 18-24, lat. 8-1 2 /a. 

Parramatta Park (99,136). 

Meyen, Beob. ub cinig. nied. Algenf.,rl829)T.xtiii.,f.l. Syn., 
P. simplex var. radians Lemm., Zeitschrift f. Fischerei, 1897; P. 
simplex ft annulatum Chodat, Alg. vertes, p.225, 1902; P. simplex 
v. clathratum f. radians (Lemm.) G. S. West, Third Tanganyika 
Exp., p.134, 1907. 
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Meyen gives five figuies in illustration of his P simpler, and 
these have since been at ranged as three different variations 
His fig.l is var. radians Lemm.(1897); tigs.2, 5 are f. orata (Khr.) 
Racih., (A titer of fiction ovalvm Elir , 1845), while figs. 3, 1 me 
f. clalhrala Schr&ter (1883). One of his figures, however, must 
be left to represent the type, and it falls to fig.l to do this, var 
radians Lemm., being the last in order of priority. Tt seems to 
have been overlooked also, that Mcyeu himself arranged it so 
in the text He says (Lc., p 4) “die miter b'uj.l nwehle a/s ttie 
Nomn zu belrachten seyn The 8-eellcd ctenobium without 
central cells is, therefore, the type of P. simplex, and, incident 
ally ulso, of the genus Ped Last rum. 

Forma clathrata (Schroter) liar. (Text-lig.9). 

Ckenob. diam.^60-92, cell, periph. long. 26*28, lat. 12//. 

Parramatta Park (99, 136). 



Text-fig. 9. 

Pfrliufitnuv wntfitci f. rfathrnta (Schroter) Kac. ; ( *t»60). 

Schroter, in Jahresbericht d. Schles. Gcs. fur vaterland 
Cultur, 1883,p.l82; Raeiborski, Gatuuki lodz.Pediastrum, 1889, 
p.8. Syn., P. enoplon W. &G. S. West, Frw. Alg. Madag., 1895, 
p.81, T. 5, f.l, 2; P, dathralnm (Hchrflt.) Lemm., Forsch. Biol. 
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Stat. Plon, vii,, 1899, p.20. A name that would take priority 
of Schroter's is P. dnodenarxum (Bail.) Habh., FI. Eur. Alg., iii., 
p.71, 186 4, but, from Raciborski’s notes, it would appear to in¬ 
clude several different forms, l c., pp.9, 10. 

Forma ovata (Ehr.) liar. (PI lvii. f f 31). 

Ctcnob. (cell. 4) diam. 53; cell, long 25, lat 16/i. 

Parramatta Park (136). 

. llaciborski, Gatunki rodz. Pediaati nm, 1889, p 8. Syn., As- 
terodiciion ovatum Ehr., Ber. ub. d. Verh. d. Akad, 1845, p-71, 
P. ovatnm (Ehr.) A.Hr., Alg. unicell., 1855, p81; P. Sturmii 
Reinscb, Algenfl v Frank , p.90, T. vii., f.l; P. Schroieri Lemm., 
Forsch Biol. Stat. PJon, vii, 1899, p.20, T.2, f.33; P. clathratnm 
f. ovatum (Ehr.) Sclun., in Eng. Bot. Jahrb., xxxii., 1902, p.84 
T.3, f.18. 

All forms of P\ simplex are very rare here; I have them from 
one spot only. 

Pediastrum duplex v. kkticulatum Lag (Text-fig. 10). 

Crcnob. (cell. 4) diam. 52; cell. long. 16, lat. 14/*. Cconob. (cell, 
permult.) long. 90-130, lat. 90-120; cell, long 26-30, lat. 16-23/*. 

Sydney Water-supply(80, 
81, 90, 100, 116), Botany 
(50). 

Lagerheitn, Stockholms 
Pedi., Protococc., o. Palm., 
p.56, T. ii., f. 1. Syn., P. 
duplex 7. clathratnm Schro- 
ter, Schwebefi. uns. Seen, p. 
37, f.86. This form is com¬ 
mon enough in the Sydney 
Water-supply, but rare else¬ 
where here, in the large 
coanohium figured, the two 
, i dead cells on the left show 

i* # , , that the early stage of the 

rmiatitram duplex var. rtUcululnm J 

Lngerh.; ( x 600). P ,ant w “ more ak,n to ¥ ' 

Baryanum, 
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Pediasthum Boryamjm (Turp.) Mcnegb. (P). Ivii, f.32). 
Forma; ccunobiuin v oelluhs 4 cxstruetum. Ccpnob. diam 10/i. 
Botany (15). 

Var. Kaynaldii (Istv.) nnhi. (PI. Ivii, f 33) 

Ccenobiuin long. 180, lat. 15f>, cell. diam. 32p. 

Botanic Gardens (3). 

P . ffnynaldii Tstvanfii, del Magyai Alg , 1888, p 202, T n , 
f. 38. Hyn, P. angulomm v. arantioaum Rac , Oatunki rod/. 
Prdiastrum^ 1889, p.lH, T. ii., f 40. Tliis form is clmractcnsed 
by the fine ridging on the cell-wall. There is no difference 
between ltaciborski’s form and that of Tstvanfii, save that in the 
latter the lines on the cell are granulate. 

Var australk, n.var. (PJ. )vii, f f.34-) 

Ccllula 1 perimetri cormbus pier unique hrevibus; mcisut is altis, 
oblongis, intus rotundatis, latenbus parallelis 

Ccenob, long 116-150, lat. 100-127; diam. cell 12-20/*. 

Botanic Gardens (3). 

A form of /*. Rory a hum common and widespread here, but 
apparently not so elsewhere. It is characterised by 1 he shape 
of the marginal iucisions, which are in the form of the letter U, 
oblong with rounded ends and parallel sides. The horns are 
generally short. The margin between the horns of the two 
adjacent cells is very slightly concave. 

Pediastkum iiihamatum var Hkaumi (Wiirtm.) Ghod 
Cell. long. 24, lat. 12/4. Kyogle(219). (PI Ivn , f.35) 

Cj\ Ohodat, Alg. vertes, p.230. Syn., P , liraunn Wurtmiinn, 
Schw. Crypt. No.32.* P t rotula Bln*., (non Nageh) in A. Braun, 
Alg. unicell., T. vi., figs 2, 5, 6. Tlie dimensions of the peripheral 
cells of Braun’s fig.5 work out at long. 22, lat. 13p P. Iriradt- 
tUum Meyeu, is extremely rare, I have never come across the 
type, and only one specimen of the variation. The lobules of 
tlie cells arc bifid in this form, only incised in the type. 

# Not having seen Wartmaim's type, T simply follow Cliadat in the 
synonymy. Lagevhenn, however, Veg. hUihw. plankt. Biiren-Iiwvl, p. 10, 
and Norge, Algenll. v. Schweden, p.00, identify it with P. tricomulum 
Norge. 
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Pediastrum tktras var. Crux Michasli (Rein.) Playf. 

Cell, diain. 18 /a. Botany (109). (PI, lvii., f.36). 

Noted also in the Sydney Water-supply, these Proceedings, 
1913, p.518, PI.56, f.6 In the specimen here figured, the cells 
were closely appressed, and the slits were observable through 
whicli the zoogonidia had escaped. 

Fani. C(ELASTKACK;E. 

Genus Tetrastrum Chodat. 

Tetkastrum eleganb v, dkntatum Playf. 

Crenob. c. spin. diam. 32; corp. 8; sp. long. 12; dent. long. 2-3/i, 
Lismore (258). 

Cf. Austral. Frw. Phytopl., p.833, PI. lvii., £.7. Hitherto 
known only from Parramatta; this form is now confirmed from 
Lismore. 

Genus Coclantrum Nag. 

Cnc la strum RBTicuLATUM (Dang.) Senn. (Text-fig, 11). 

Cellulie matric. diam. 14p; cell. 
co*nob filial. 6 p 

Parramatta Park (136). 

Svn., llariotina reticulata Dan* 
geard, Mem. s. 1. algues, 1889. 
Generally found in plankton-gath* 
erings as broken coenobia. In this 
case, six cells were noted, partially 
united by their processes, each 
with a perfectly formed autocolony 
Text-fig. 11.* within. 

EXPLANATION OF PLATES LIV.-LVIIL 
Plate liv. 

Fig.l.— Oficillatoria flexa* n.sp.: ( x 660). 

Fig.2.— O. simpHcissinui v. (tmintfato, n.var.; ( x 1000). 

Fig. 3.— O. empHcMma v. roust vie fa, n.var.; ( x 660). 

Fig.4.—O. princtfM Vauohei; portion of an empty filament, showing the 
think sheath am] permanent dissepiments; ( < 330). 

Fig.o.— I*honniditnn yrande, n.sp.; ( x .500). 

* Ctrla*trum rettculaliim (Dang.) Bonn, three isolated cells of a creno- 
biuni, each containing an autooolony; ( x 1000). 
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Figs 6, 7.— Ph . numuriuviy n.sp.; (0) x 1330, (7) x 2000. 

Figs.8, ft .—AnafMnta auH(rafica % n.sp.,( x 1000); (8) cells ami hoteiwyst of 
infertile trichonie; (ft) part of a fertile trichonie; the constrictions 
of the cells ran lie discerned only w*ith the \\ in. ohj. 

Fig. 10.-- A. uttMfm/int vhi. count net a, n.var. ; ( x 1330). 

Figs.11-13.- -A. cftrialrih'fi var. eyhvdroefa, n Mir. ( x 1000); ill) cell* anil 
heterooyst; (12) immature catenate gonidia; (13) nmtuie spore. 

Fig.14.—-I. oftriffarioidt# var. mwwi, u var.; ( xfifio). 

Figs. 15, 16.—-1. hi vn var. hnrtew*i*, n.var., ( v 1000); (15) cells anil hetero- 
ryst; (16) cells and spore. 

Figs.17-21 !ylu\drof*iw,rmnm uttvjmie vai n«wf/W#, n.\ar.; (I", 18) with 
conical heteroeysU( a |IM)0), (10,20) with olilong heteiui ysts( * 660), 
(21) coiled tiiehoino. 

Figs.22, 23.— <\ rrrtanyitfari IMujf.; (22) tiuhmne with thin-walled imma¬ 
ture spore ( x 1000); (23) with nmtuie thick* walled spore ( xflOO). 

Figs.24,23.- rertanynhtre var. /Him( i e//i«/ri l u.vai. ( < 1000); (23) t riehome 
with apical cell. 

Figs.26, 27.—f*. Got'tzn Sehm.. forma; 1 \ 1000). 

Hate l\. 

Figs. I, *2. -Cash rtf i ritt/idvnti, n.sp.; (2) end view; ( * 1000). 

Fig.3.— V. rut/tdoMi var. auyidnht , n.var.; ( x 1000), 

Fig 4.—(\ ruyufoM var imvqnah* % n.wn.; ( x 1000). 

FigH.5, 6 .—(\ hi nltijih* (Fresco ) Dill, forma*; ( * 13.‘10). 

Figs.7, 8. — (\ i/eaindofifi, n.sp,; (8) sideview; ( a 660). 

Figs.ft, 10. —('hlamydoniomK re mfor min, n.Hp,; (10) sideview; ( x OHM)). 

Fig.II.— VhL LismoreiiMs var. yrarifin, n.var.; ( *2000). 

Fig. 12. VhL rotttla, n.sp.: ( x 1000). 

Fig. 13. -f7i/. aJpiwi Wille; ( x 2000). 

Fig. 14.— VhL mndnfu Wille; ( x 1000). 

Figs. 15-17. •VhL Mftrufato, n.Hp,; (13) x 1330; (16) with stratified cell-w'aH 
( x 660); (17) mother-cell ( v 660), autospot*eN ( x 1000); for convent 
cnee, the comohium in drawn smaller, and the autospores therefore 
appear moie crowded than natural; the latter are m optical section, 
the spotted surface of the ehlomplast lieing omitted; the flagella 
were just as figured. 

Fig. 18.— CM. maenfata var. ohtonya, n.var.; ( x 1330). 

Fig. 19. —Old. macnUita var. jJanktonica, n.var,; ( x 1000). 

Fig.20.— Ghl. tneffuflymi Stem; ( x 1000). 

Figs.21,22.— VhL }mqwrcnh 9 n.sp.; (21) x2000; (22) x 1800. 

Fig,23.—(74/. pusiila, n.sp.; (x660). 

Fig.24 .—VhL anyidom var. ohem 9 n.var.; ( x 1330). 

Fig.25.— CM. ptitiformt* var. oedtata , n.var ; mother-oell and autospores; 

(x 1000), 
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Fi>{.26 .—CMoroyoiiinm minimum, n.sp.: ( x 1330). 

Figx.27, 28.— Pteramaivi* auyrUom \ar. fuiMraJtM Playf , forum; ( x 1000). 

FiX 20.— Pt. tiwjnlnua var. scat ifor nit*, n.var.; ( x 1330). 

Fix 30. —/V. <niffuh*n var. *v rift if or m m, n.var,; ( x 1330). 

Plato lvi. 

Figs \ '‘X—Si/tinni i/rantt/ota Playf.; (1) elongate nenobium with molds 

* attached to a central mucous peduncle ( x 660); (2,3) individual 
zooids allowing one or more dark red granules neat the anterior end 
( x I00t)). 

Fig.4. Tt Mxrllariu rofrovuia Playf., supposed free zuoid; ( . 130(1). 

Figs.5, 6.— XauJltvdisni* Lunin Uac hi Sclieu,, (so-called); (3) face-view of 
a preserved specimen with shrunken contents showing central 
nuoleus, hut no clilainydoriionadmc arrangement of the chromato- 
plime; (6) sidev icw; ( x 1000). 

Figs.7, 8 —/ *!iacofit a rtumm*, n.sp., ( x 10001; (8) mdeview. 

Figs.ft, 10.—/Vi. yhthrr, n.sp., ( x 1000); (10) side view. 

Figs. 11, 12 —• Ph. ylahn\ formic; ( x 1000). 

Figs. 13, 14.— Ph. auHtmliii, n.sp., ( x 1000); (14) sideview . 

Fig, 15.- SfMndylamornm yufttmtarnnn Khr : ( v 1000). 

Figs. 16,17 S/k ((tMtenianmu var. mtimlnw* ii.vur,,( * 1000); (16) bunched 
cceuohiuui; (17) rosette-form. 

Fig. 18.— Vofntfinn Sfiinit Playf , single cell of a ouMiobiuni, in sideview, 
showing nucleus, contractile vacuoles, and stigma in the usual 
chlainydonionadine positions, , 

Figs. 19, 20. — Fo/ikm' an trim vai. htmixphivricnH, n.var. ; (19) cells from 
above ( x 660); (20) three cells in sideview ( x 1000). 

Figs.21, 22— PWnar Cartert Stein; (21) immature zygote as deserifieri hy 
Carter ( x 660); (22) mature zygote ( x 500). 

Plate Ivii. 

Fig. 1.— MXakatotkrij' ypJatinowi Wille, isolated cell; ( x 1330). 

Ftg.2. — K. yelatinom, mucous matrix with newly divided cells; ( x 1000). 

Figs.3,4.— Dactylofhece amiatum, n.sp., two cells, of many .noted, involved 
in a mucous matrix ( x 1330); (3) face-view; (4) sideview. 

Fig.5 .—tjremospluera riruli* var. teJratidrica, n.var.; (x270). 

Fig. 6.— Qocy*ti* rotnla Playf., mother-cell with autos pores; ( x 660). 

Fig.7 -O. rotuia f autospore; ( x 1100). 

Fi*«. —/>. facustri* var. not an* (Lemm.) Playf., mother-cell with auto- 
spores; (x 660). 

Fig.9 .—O lacuttri* var natan*, autospoi-o, sliowing fragmented, rotiou* 
late chloroplast; ( x 11X10). 

Fig. 10 .—Fmticeia olrfonya, n.sp,; the sette ate, for convenience, figured 
much shorter than natural; they should be as long os the cell: 
(x 1330)/ 
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*1*11.-/. at/vi'hthnia vttiphia, n,sp ; ( X 1330). 

Fig 1*2. - ffernardia tetranlriea, 11 sp.; ( XlOOO). 

Figs. 13 )(». — KirehnerifUa ofn ^t \V A: O. S. West; ( x 1000 

Figs. 17. 18.— Tftiwtlran yraiudfMum, n.sp.; 07) face-view ; US) Htdeview 

( 1000 ). 

Ftg 19,—7 V/r. quasi rat urn 1, minor (teifiHch; ( X 800), 

Fig 20.— Tvtr qmafratum 1. i crarafa, u t.; ( X HUU). 

Figs.21, 22.-7V//*. ran datum \nr tt tint rah, ii.var,; 1*21) fact* mow; (2*2) side; 

( x 1000). 

Fig. 23,— Teh\ reyularz var. ortaulrn «/» (KemHch) imhi; (x lOOU). 

Fig 24. — Teh\ foniann, imp.; \ XlOOO). 

Fig. 2ft. - JV/r. mintnum var. itrldiuean Flay I.; (X ltMKI). 

Fig. 26.— Teh', ohhtnuni, n.sp.; ( x 1000), 

Figa.27, 2H.— Titr. triqonum Nag., forma; (27)faoe view; (28) side; ( XfiAO). 

Figs.29, 30 - Petf tantrum nimph 1 * Moyen, 4-wiled hums; ( XfifiO). 

Fig.3l.— Pedi. */////«V.i' f. a tut a (Kin*.) Kacih.; (X660J. 

Fig.32.— Pedi. Horymwnt (Tuip.) Mcnegh., 4-relled fmm; (XftOO), 

Fig. 33 — Pidi. lioryanum vat. Jfuyuafdn (Istv.) inilii; ( xftUO). 

Fig. 34.— Pedi. ftori/avwn vat. au*fra/r % ii.vhi.; (X 000). 

Fig. 3ft. —Pedt. hirndiatttm viu. Urn taut (Waitm.) Clindnt; (Xtltiti). 

Fig.3(1.— Petti, titra* var. (Var A(trhmli (Keinsch) IMayf : ( x 1000). 

Flate lviii. 

Spirur/yra nryfecta (Haas ) Kiitv. 

Fig. 1. — 1 Conjugated Hlu moots with elliptic zygospores and non-inflated 
sporangia! colls; (X 220). 

Fig.2 --Conjugated filaments with oval zygospores and in Hated spoiangial 
cells; (X‘220). Figs. 1 and 2 formed part of one and the same 
acalanform filament. 

Figs.3-0.—Four types of zygospore in the one gathering (X 400); fig. ft 
(XftUO), 

Figs.7. 8, — Unaltered cells ol u conjugated filament, with simple delicate 
ohlnroplast; (8) x 330; (7) chloroplast much enlarged 

FigfU), 10.—Long cell of a vegetative filament, with delicate, fimbriate 
chloroplast and minute pyraioiri*: (0) chloroplast much enlarged; 
(10) X 330; the fringed edge of the chloroplast in too delicate to lie 
seen under this low magnification. 

Figs. 11-13, -Cells with more robust, scalloped chloroplast; (11) chloroplast 
much enlarged; (12) short inllated cells proliably alxmt to conjugate 
(X 330); (13) long uninflated cell of vegetative filament (>330). 

Figs. 14-10,- -tiptroyyra neyfecta var. amytueea, n.var., vegetative filaments 
and chloroplast; (14) long cell ( x330); ( 13 ) short cells ( xH30); (16) 
chloroplast enlaiged Conjugating cells anti zygospores of this 
variation as in fig. 1, 



544 


THE MOSSES OF NORTH QUEENSLAND. 

By Dh. V. F. Bhothehth and the Bkv. W. Walter Watts. 

Foreword. 

(By the Rev. W. W. Watts.) 

The following paragraph is reprinted from my paper, “Some 
Notes on the Kerns of North Queensland” (These Proceedings, 
1914, Vol. xxxix., Part 4, p.756). 41 In the winter of 1913 (July* 

August), 1 spent a month in the Cairns district in search of 
Ferns and Mosses \ collected in the rich scrub-lands between 
Bartle Frcro and the Russell River, more especially in the 
neighbourhood of Josephine Creek; around Babinda also, and 
up Frenchman's Creek to beyond the Second Falls. Babinda 
and Frenchman’s Creek lie at the base of Bellenden Ker, along 
the coastal railway. Following, later, the main line, T visited 
St-oney Creek, Kuranda, Atherton, Malanda, Yungaburra, Lake 
Barrine, and, last and l>e&r of all, R&venshoe and the Tully 
Falls ” 

The mosses of North-east Queensland being essentially Malay¬ 
sian, rather than Australian, in their affinities, specimens from 
all my packets were submitted to the distinguished expert, Dr. 
V F. Brotherus. Despite the war, with its submarine dangers, 
every parcel reached Helsingfors in safety, and, by the end of 
1917, full reports, in return, came to hand. The number of new 
species is smaller than I anticipated, owing, in part, to the zeal 
of the late Government Botanist of Queensland, Mr. F. Munson 
Bailey, C.M.G., F.L.S., but mainly to the aforesaid Malaysian 
affinities of the flora. The chief feature of the following pages 
is the large number of new records. No less than seventeen 
genera new to Australia are listed, and some thirty known 
species. One new genus, Pterobryidium % is described, and there 
are fourteen new species. In addition, many of the species 
recorded are new for tropical Queensland, though not new for 
Australia. The new genus was first found by me, in 1913, at 
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Ravenshoe, North Queensland; hut, curiously enough, was col. 
looted, in 1916, by Mr. J, L. Boorman, of the Sydney Botanic 
Gardens, on Mt. Lindsay on the border between Queensland and 
New South Wales. 

It is interesting to note that a few species, the occurrence of 
which in Australia was regarded as doubtful by Watts and 
Whitelegge (Census Mu scorn ra Australians! um) are now definitely 
recorded, such as Leucobryum taurlum, Arthrocortnus Sckimperi , 
Leucophanea oetoblapharoxdes , and Calymperttn moluccmw. 

It remains, on behalf of Australian lwtanists, to express sincere 
thanks to Dr. Brotherus for his continued and generous assist 
ance; and also to thank the Director of the Sydney Botanic 
Gardens for the facilities afforded me at the National Herbarium 
for working up my material.—W.W.W. 

Note. The sign * before u generic or specific name denotes 
that it is new for Australia; and the sign t that it is new for 
tropical Queensland. 


A. AC ROC A HP F, 

DIotabmm. 

Thkmatodon Michx. 
fT. LONG ESC KNS C.M. 

Barron River, n.386; Frenchman’s Creek, n 419. 

[Note. — Trematodon HaiUyi Broth., belongs also to the Cairns 
district (Mulgrave River), but appears not to have been collected 
since Bailey found it in 1889.] 

Plkuhidiuu Brid. 

Plsubid. sp. ster. incerta. 

Track down to Redlynoh Railway Station, near Cairns. No 
Pleuridium previously recorded for Queensland. 

’Gabokka C.M. 

*G. phascoides (Hook.) C.M. 

Babinda, n. 326 e.p. Previous record, “ Southern Asia." 

Ditrichum Timm. 

D. ATFINB C.M. 

Ravenshoe, n. 467. 


41 
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Dicranklla Schimp. 

I). Dietriohi« (C.M.) Jaeg. 

Ravenshoe, n. 447-8. 

I>. ptcnoglomsa (Broth.) Par. 

Stoney Creek; Babinda; Malanrla Kuranda: Mrs. Brotherton 
First found by Mr F. M. Bailey on the Midgrave River in 1889. 

Var. lonoikoma Broth et Watts, var.nov. 

Stieets Cully, Kuranda, n. 265. 

H o i,o m i t r I u M Brid. 

H. Mukixehi llumpc. 

Ravenshoe, n 573e.p. Previous records, Rockingham Bay: 
Dullachy, 1868; Bellendcn Ker : 8, Johnson, 1891. 

H. PERiciiATtALE (Hook.) Brid. 

Ravenshoe and Malanda (several nos.). 

l>iCRANOLt>MA Ren. 

D. DICAKPUM (Hseh.) Par. 

Ravenshoe, severul nos. 

D. serratum (Broth.) Par. 

Malanda, n. 494, 615 e.p. (Previous Queensland record, Mt. 
Mistake: Bailey, 1885). 

J). Wattsii Broth., n.sp. 

Dioicum ; glauco-viride, nitidiusculum; canfu usque ad 5 cm. 
longus, odscendons, inferne denudatus, dein dense foHosus, sim¬ 
plex vel parce ramosus; folia horride patula, stricta, late laneeo- 
lata, breviter acuminata, 4-4 5 mm. longa et 2-2*5 mm. lata, mar- 
ginibus erectis, summo apice conniventibus ibidemque argute 
serratis, ubique hyalino-limbata, limbo latissimo, apicem versus 
sensim angustiore, nervo tenui, uontinuo, dorso superne argute 
serrate, cellulis chlorophyllosis, elongate et anguste linearibus, 
apice brevioribus, alaribus numerosis, quadratis, fusco-aureis, 
rape decoloratis; bracte® perichcetii interna) e basi longe vagi- 
nante convoluta subito in pilum longiuscutum contract®; set® 
bin® ex eodem perich®tio, tenues, vix ultra 5 mm. alt®, fusci- 
dulffi; theca oblonga, oblique, subcernda, collo strumuloso; oper¬ 
culum e basi oonica longe et oblique subulatum. 
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Ravenshoe, n. 534a (type). 

Species D . auutro-ficopario (O. Muell.) aftinis, sed foliis hitiori- 
bua, hrevius acuminatis, setis bin is ex oodcm perieluetio, hrcvi- 
oribus et tenuioribus dignoncenda. 

[Note. — D anstro H<'oparinm (C.M.) was collected by Bailey, 
in 1889, on the summit of Bell widen Ker.] 

Lkijcot.oma Brid. 

L. SiRBRRlAMJM iHornsch.) Par. 

Ravenshoe (several nos.). 

L 8UBI NT KG RUM Broth. 

Babinda; Frenchmans Creek; Malauda: Ravenshoe (frequent) 
[Originally found at Palin Camp, Bellenden Ker, by Bailey 
(1889)J. 

[Note.—Z. clavinervc C.M , is recorded for “Tropical Queens¬ 
land 11 in Bailey’s Suppl. to his Synopsis, 1888.] 

Campvlofuh Brid. 

C. (/tiyidi) Wrmn Broth., n.sp 

Dioious) robustiusculus, cssspitosus, cespitibus densis, viridis- 
simis, su bo pads; midi* adscendens, usque Ad 3 cm. long ns, fere 
ad apicein rubrotomentosus, simplex vel furcatus; folia sicca 
imbricata, humida patentia, canaliculattvconcuva, lanceolato 
subulata, c. ti mm. longa et c. 0 8 mm. lata, supernc inargine et 
dorso serrata, nervo basi dimidiam partem folii latitudinis occu- 
pante, dorso lamelloso, lamina usque ad apicem distincta, cellulis 
minutis, rhombeis, baud incrassatis, basilaribus in seriebus 
pluribus quad rati a, alaribus teneris, fuscis, auriculas di&tinctissi- 
mas efforraantibus. Ceetera ignota. 

Cairns district, Frenchman's Creek, Second Falls, n. 366 ; 
Ravenshoe, on rocks aiiove Falls, near Major's, n. 484 e.p.; 
Watts, 1913. 

tC. Woollsii (C.M.) Par. 

Ravenshoe, n. 452, 459, 532. 

Eu camptodoh Mont. 
fE. Mukllkhi Hpe. et O.M. 

Ravenshoe and Malauda, 
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Leueobryaeea. 

Lkucobryum Hampe. 
fL, OALMNENSE Broth., A.M., vi., 1916, n.199. 

Raven,shoe, n.534 c, c i; Malanda, n.550 e.p. Ballina, N.S.W., 
the only previous record. 

L. BRACKYPHYLLUM Hpe. 

Babinda; Frenchman’s Creek; llaven&hoe. 

L. candidum Brid. 

Frenchman’s Creek, n.397 e.p., near Babinda, n.446 e.p. Ap¬ 
parently the first record for N .Q. 

1 1. sanctum (Brid.) Hampe. 

Kuranda; Bartle Frere; Babinda; Frenchman’s Creek: 
Malanda. Widespread “from Nepal to Maicsia” (teste Broth ). 

tL. strictifolium Broth. 

Bavenshoe, n. 469, 672 Previously limited to N. S. Wales 
and S. Queensland. 

[L. vesiculommQM., was collected, at Whelanian Pools, Palin 
Camp and Harvey’s Camp, Bellenden Ker, by F. M. Bailey, in 
1889; and at Trinity Bay, by Mrs. (or Miss) Gribble, in 1894. 
L . vinde Mitt., is recorded, in Herb. Melb., for Daintree River, 
Q., but information regarding thiB sp. is needed. L, Wattsii 
Broth., was collected by Dallachy at Rockingham Bay, Q., but 
named L. sanctum var. in Hb. Melb.] 

Lbucopbanib Brid. 

L. austral* Broth. 

Kuranda, n.435. Previously recorded for Freshwater Creek, 
near Cairns, and u Ker Range” (teste C.M.). 

L. OCTOBLEPHAROIDES Brid. 

Kuranda; Bartle Frere; Frenchman’s Creek; Babinda; Malanda. 
Previously recorded, in Hb. Melb., for Johnstone River (Berth- 
aud), and Daintree River (Pentzake). Distrib. 11 from Nepal to 
Pacific Islands” 

OOTOBLKPBA HUM Hedw. 

0. albidum (L.) Hedw. 

Cairns; Kuranda; Malanda; Kavenshoe. 
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Arthrocqrmus Doz. et Molk. 

A. ScHiMPJtRt D. et M. 

Babinda, n. 422, 438. In the Melb. Herb , there is a doubtful 
record of “ Lewobryum ” Schxmperi for the Johnstone River. A. 
Schimperi is found in the Indian Archipelago, the New Hebrides, 
etc. 

*Exodictyon Card. 

*E. subscabrum (Broth.) Card 

Frenchman’* Creek, n. 3946. Previous record, Papua 

FlMSdentaoM. 

F i a s i d r n s Hedw. 
tF. aubokeus Broth. 

Stoney Creek; Babin cl a, Lake Barrine; Ravenshoe. 

fF. A8PLKNIOIDBS (Sw.) Hedw. 

Ravenshoe, n. 471, 533 e.p. 

F. (Semilimbidmm) oairvbnsis Broth, et Watts, n.sp. 

Dioicus(l): gregarie crescena, pallid© viridis, opacus; caulis 
usque ad 5 mm. longus, cum foliis usque ad 1 9 mm. latus, infima 
basi fu sco-rad i cuius us, dense foliosus, simplex vel furcatub, folia 
sicca homoraallula, hurnidastricta, erecto-patentia, infima minute, 
dein subaequalia, ligulata, breviter acuminata, acuta, c. 1*3 mm. 
longa et c, 0*38 min. lata, marginibus superne minutissiine serru- 
latis, lamina vera ad medium folii produeta, basi limbo albido, 
e cellulis angustiaainiis constructo, lamina dorsali e basi nervi 
enata, ibidemque rotundata, nervo crasaiusculo, lutescente, 
infra summum apicem folii evanido, cellulis rotundatohexagouis, 
0 007-0 010 mm., pellucidis, papilla media instructs; seta terusin- 
a)is, bolitaria, rarius binw ex eodem pericheetio, usque ad 2 inm. 
alta, tenuis, rubra, levissima; theca inclinata vel nutans, minuta, 
oralis, pallida; operculum e basi conica recto rostratum; calyptra 
ignota. Planta mascula ignota. 

Near Hotel, Babinda, Cairns district, on rotten logs, n. 332a 
(leg. Watts). 

Species limbo brevi cellulisque pellucidis, papilla media in- 
struotis dignoscenda. 
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tF. Dietrichue C.M. 

Ravenbljot*, n.465 e.p M 628 e.p., 529e.p. 

F. KERIANU8 C.M. 

Cairns, n 234a, 243; Stoney Creek, ii. 252. 

F. (Aloma) kurandac Broth, et Watts, n.sp. 

Corticola, gregarie crescens, pallide viridis; caulis ad seen dens, 
usque ad 8 mm. longus, cum foliis c. 1*5 ram. latus, basi fusco- 
rodiculosus, dense foliosus, simplex; folia usque ad 18-juga, sicca 
homo mall a, humida erecto-patentia, infima ininuta, dein sub* 
eequalia, ligulata, breviter acuminata, obtusiuscula, apiculata, e. 
1 mm. longa et c. 0*26 inm. lata, elimbata, integra, lamina vera 
ad medium folii produeta, lamina dorsali e basi nervi enata, 
ibidemque rot undata, nervo pal lido, in apiculo folii evanido, 
cellulis valde pellucidis, rotundato-hexagonis, 0*010-0*015 mm., 
ad basin laminco verm paucis, elongatis, limbum infraraarginalem 
valde indistiuctura eflormanti bus. Caetera ignota. 

Kurauda, n. 273 (leg. Watts, 1913). 

Species habitu F. floHiano Doz. et Molk., similis, sed cellulis 
pellucidis, multo majoribus jam dignoscenda. 

tF PALLIDU8 H.f.W. 

Ravenshoe, n. 470; Malanda, n. 512. 

fF. TKNELLUS H.f.W. 

Ravenshoe, n. 500 e.p. 

*F. zippxuanub Bryoh jav. 

Babinda, n.308 e.p., 343. Previous records, Sumatra, Java, 
Hongkong. 

[jVofe.-—The following alBO is recorded for N.Q.; b\ micro - 
bxythia C.M. (Trinity Bay), but the name alone has been pub¬ 
lished (C.M., Genera Muscorutn, p.59).J 

OalympsraeM. 

Syrbhopodon Schwgr. 

*&. AHOCNUfi Broth. 

Frenchman’s Creek, n. 366 e.p. t 386, 393; Babinda, n. 439. 
Previous record, Papua. 
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S (Cavifolii) cairnknsis Broth, et Watts, n sp. 

Dioicus; tenellus, casspitosus, caespitibus laxiuseulis, pallide 
viridibus; caulis erect us, vix ultra 4 rom. longus, basi fusco- 
radiculosus, dense foliosus, simplex vel rum os us; folia sicca 
circinato-incurva, dor&o nitidiuscula, humida ©recto-j>ate»tia, e 
basi paulum latiore ligulata, obtusa, mucronatula, usque ad 1*7 
mra. longa, superne 0*25-0 27 mm. lata, limbata, limbo angus- 
tissimo, hyaline, infra apicem minute seirulatara evanido, in 
parte superior© basis ciliato-serrato, nervo crassiusculo, infia 
sum mum apicem folii evanido, inferno lcvi, dein parce aculeato- 
papilloso, eellulis laminalibus acute et elevato-papillosis, basilari- 
bus laxis, inanibus, breviter rectangular!bus vd Mibquodratis. 
Cretera ignota. 

Cairns district, Babmda, on tree-trunks, n.313c«(lcg. Watts, 
July, 1913). 

Species distinctissinm, a S. fimbnatuU* Sauerb., foliis multo 
hrevioribus, nervo inferne levi, superne parce aculeato-pupillobo 
faciilime dignoscenda. 

*8. CROCKU8 Mitt 

Frenchman's Creek, n. 418 e.p. An Indo-Malayan species 
8. fasoiculatus Hook, et Grev. 

Base of Bartle Frere; Babinda ; Frenchman's Creek, etc. 
Previous record, Johnstone River; Berthaud, Dec., 1882. A 
widespread tropical species. 

t8. kimbbiatulus 8auerb. S. Jimbrialu* C.M., non Mitt. 

Frenchman's Creek, n. 408; Tally Falls, n. 462. 

*8. Muelleki (Do*, et Molk., Oalymptridium) Lac. 

Frenchman's Creek, n. 361, 368 e.p. An Jndo-Malayan-Poly- 
nesiau species. 

8. Nova: Valksmc C.M. 

Ravenshoe, u. 461, 468, 531n. A forma microcatyw was col¬ 
lected at Trinity Bay by Sayer, in 1886; otherwise new for Q. 

S. undulatumjb Broth. 

Babinda, n. 313 e.p,; Frenchman's Creek, n.421 e,p.; Kuranda, 
a 427. Previous record, Bellenden Ker: Mrs. Cribble (Herb. 
Melb.). 
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*8. undulatus (Doz. et Molk.) Lindb. 

Base of Bartlo Frere, n.293; Babinda, n. 310; Frenchman’s 
Creek, n. 405, 412, 414, 420 e.p., 421. Previous record, ftunda 
Islands. 

[Note.— S. (Thyridium )humile Mitt., is recorded in the Melb. 
Herb, for Johnstone River (leg. Berthaud).] 

Caiyhpkbeb 8w. 

tc. MOLUCOEN8E ScllWgr. 

Frenchman’s Creek, n. 372. Hampe, in PI. Preis6, recorded 
it for West Australia, but this record is not found in Mitten’s 
Catalogue, nor in Jaegers Adumbratio. It is almost certainly 
new for Australia. Previous range, the Moluccas. 

C. NIGRE8CBN8 Broth, et Geh. 

Cairns: Allen, Sept., 1906 (Herb. J. M. Murdoch). Earlier 
record, Bellenden Ker : Mrs. Gribble (Herb. Melb.). 

*C. SBRRATUM A.Br. 

Mal&nda, n. 497,530. Previous records, Java, New Hebrides, 
etc. 

♦O. tknkkum C.M. 

Fig-tree, Police Paddock, Cairns, n. 226-8, 230, 232; base of 
Bartle Frere, n, 285. Previous range, Indo-Malaysia. 

[Note. — C. MoiUyi Mitt., is recorded for Cape Yorke (leg. 
Micholitz, 1897); and (7. Kenmdyanum Hampe, (1876) was found 
at Rockingham Bay by E. B. Kennedy, and at Goode Island by 
Powell in 1883.] 

Pettiaeeca. 

W s i s i a Hedw. 

W. vikidula (L.) Hedw, 

Raven shoe, n. 475 (f. eperistomata). 

Hyophila find. 

# H. Micholitzu Broth. 

8toney Creek, n. 237 e.p., 261. Previous record, Papua. 

Barbu la Hedw. 

B. caltcina Schwgr. 

Kavensboe, n. 464 e.p. 
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Grlmmiaoea, 

Glyphomitrium Brid. 
fG. commutatum (C.M.) Broth. 

Ravenshoe, n. 463 e.p , 488, 532 e.p. 

Orthotrlchaoea. 

Macromitrium Brid. 
tM. Daemelu C.M. 

Ravenshoe, n. 490, 536, 616 e.p. 

tM dimorphum C.M. 

•Stoney Creek, n. 258; Ravenshoe, n. 485; Malanda, n. 491; 
Kuranda, n. 511, 6076. 

M. HKMITR1CHODKB tichwgr. 

ltavenshoe, several nos. 

tM. PUOIONIFOLIUM C.M 

Malanda, n.493, 495; Ravenshoe, n.506; Yungaburra, n.520 
Earlier records limited apparently to N.8.VV. 

tM. Scottwe C.M. 

Ravenshoe, n.481, 486, 5346. Previous record, N.S.W., from 
Monga and Nowra northwards to the Richmond River. 

[Note.—J/. aurtteme Jipe., is recorded from Mt. Archer, near 
Keppel Bay (leg F.v.M.); J/. microsfomum (Hook, et Grev.), for 
Rockingham Bay (Dallachy, 1868), M. pUHillum Mitt., from 
Tringilburra Creek, Bellenden Ker (F. M. Bailey); J7. Sayeri 
Mitt., from the Russell River (W. A. Sayer, 18&6, Merb. Melb.), 
and AL Whiteieyyei Broth, et Geh., from Bellenden Ker and 
B&rtle Frere (S. Johnson, 1891).] 

ScHtOTHSUiiA Brid. 

8. Bailbyi Broth. 

Ravenshoe, several nos. The original record was Bellenden 
Ker: the species spreads south well into N.8.W., and probably 
into Victoria. 

BplaohnaoM ami Funarlasea. 

These two families are quite unrepresented in my N.Q. col¬ 
lection, but the following record may be noted : Goniomiirium 
acuminatum H.f.W,, (Clermont, Miss Gore),—W.W.W, 
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Bryaow. 

Brachvmknium Kehwgr. 

B. ( Dicranobryum) Wattsii Broth., sp n 
Dioicum; gracilescens, ciespitosum, crespitihus densis, lutes- 
centi-viridibus, sericeo-nitidis ; caul is erect us, vix ultra 1 cm. 
longus, inf erne fuseoradiculosus, dense foliosus, simplex; folia 
imbricata, ovata, breviter acuminata, aristata, maiginibus basi 
recurvis, integris, nervo lutescente, in arist&m denticulatam'ex- 
cedente, cellulis superiors bus elongate et anguste rhomboidcis, 
basilaribus et alaribus quad ratis. Ceetera ignota. 

ltavenshoe (Mil 1st ream), u. 489 and 527 (leg. Watts, 1913;. 
Species Br. acuminata Harv., valde aftinis, sed statura paulum 
robustiore, foliisque brevius acuminatis dignoscenda. 

# Anomobryum Bcliimp. 

*A, cymbifouum (Lindb.) Broth. 

Raven shoe, n.464 e.p. f 6216, 532 e.p. Previous range, India 
to Java and Amboina. 

Bkviih Dill, emend. Hchirnper. 
fB. AKOKNTKUM L., Vai\ NIVKUM H.f.W 
Ravcnslioe, n. 463 e.p., 621 e.p. 

fB. KRVTHKOCA HPOIDKfl Hpe. Ct C.M 
Kuranda, u, 429; Malatida, n. 621 e.p. 

B. (A/pmifurmia) kukanile Broth, et Watts, n.sp. 
Dioicum. gvacilescons, coespitOHum, cwspitibus densiusculis, 
pallide lutescenti-viridibus, nitidis; caulis vix ultra 5 mm. long us, 
basi radiculosus, dense foliosus, iunovationibus pluribus erectis, 
vi\ ultra 6 nun longis, strietis, julaceis, obtusis, folia caulina 
erecto-paten tiu, carinato-concava, oblongoJaticeoltita, breviter 
acuminata, acuta, marginibus anguste recurvis, apice minutissime 
serrulatis, nervo tenui, brevissiinc excedunte, cellulis elongate 
et anguste hexagonu-rhomboideis, basi Jar i bus laxioribus, alaribus 
breviter rectangularibus; seta 1-1*5 cm. vel paulum ultra alta, 
teuuissitna, fuscescen thru bra; theca nutans, ininuta, cum collo 
sporangii lougitudinis, pyriformis, c. 2 6mm. longa et c. 0*96mm. 
crassiv, sicca deoperculata sub ore haud constricta, macrostoma, 
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(usca; exostomii dentes lincari-Ianceolati, subulato-acumin&ti, 
rufi, apiee hy&lini, dense lamellati; endostoinium luteunri, minu- 
tissime papillosum, mem bran a basilaris ultra medium dentium 
products; processus lanceolati late fenostrati; cilia terna l>ene 
evoluta, longe appendiculata Oeetera iguota. 

Damp wall of creek by Railway line, near Kuranda, n. 498 
(leg. Watts, 1913). 

Species innovation!bus julaccis, tliecn miuiita, mocrostoma 
oculo undo jam digtioscendn. 

fB. PI MPA MAS C.M. 

Wall of cieek by railway, near Kuranda, n 679. 

tl>. SUUATHOPURPURKUM C.M. 

Malanda, n *iU5, Miilbtream, Ravenshoe, n.521a 

fB. BUUOM VACUUM C.M. 

Midstream, Ravenshoe, n. 525 e.p ; Kurauda, n. 535 
B. bubpach ypoma Hampc. 

Stoney Creek, n. 249, 255, 259 Earlier record, Rockingham 
Bay (Dallachy, 1869). 

[Note .—The following records should be noted . A. Jiaileyi 
Broth., (Freshwater Creek, near Cairns, Bailey, 1889; Bellenden 
Ker, S. Johnson); A. leptothric C.M., (Trinity Bay, Karsten, 
1881).] 

Rhodobryum (Schirap .) Hampc 
fR. omvacbum Hpc. 

Raven shoe, n. 506. 

tR. SUBCR1SPAT0M (CLM.) Par. 

Yungaburra, on hillside, n. 501. 

Mnlaem. 

M N I u M (Dill, exp ) L., emend. Schimpcr. 

Mn. Hp.(?). 

Ravenshoe, n. 517 c.p. 

Mn. sp.(?j, probably sp.nov. 

(1)Loc.| n. 522. 
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Rhiiogoniacea. 

Rhizooonidm Brid 
tRH. Gkheebii C.M. 

Ravenshoe, n. 483, 502. 

Rh. pakrakattehbe C.M. 

Ravenshoe, n. 523, 615 e.p.; Malanda, n. 618c. A southern 
species, but already recorded (in Hb. Melb.) for Bellenden Ker 

Rh. BPiNtFORME (L.) Bruch. 

Malanda, Kuranda, and Ravenahoe, including f. minor, n.482, 
492 (previously recorded from N.S.W., and S.Q.). 

[Note.— Rh. br«v\folium Broth , was collected on Bellenden 
Ker by F. M. Bailey (1889), also by S. Johnson, on the same 
range, and on Bartle Frere in 1891.] 

Mebochate Lindb. 

M. undulata Lindb. 

Babinda, n. 387. Common in the south, with, also, a record 
for Port Denison (Birch, 1889). 

Bartramlaoea. 

Phuonotu Brid. 

*Ph. laxjbsima (C.M.) Bry. jav. 

Babinda, n. 334; forma, Ravens hoe, n 517, 524. 

tPii. pseuuomollis (C.M./ Jacg. 

Ravenshoe, n. 489 c.p., 516; Barron River, n. 496, 534y. 

PolytriehacM 

POLYTKICHUM Dill. 

P. JUNIPKRfNUM Hedw. 

Ravenshoe, n. 519. 

B. PLEUROCARPI. 

Cryphaace®. 

Crtphaa Mohr. 

C. THNBLLA HomSch. 

Ravenshoe, n, 610 e.p., 616 e.p, 
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Cryphidium (Mitt.) Broth. 

C Mokm.kri (Hampe) Par. 

Ravenahoe (Midstream, etc ), several nos. 

Cyrtopodaceaa. 

BiaCHIRKL L K A Dub. 

B. Cyrtopus F.v.M.: B. brev* folia Hpe 
Ravenahoe, several nos. 

Ptychomnlaeese. 

Hampkklla C.M. 

H Pam.knr (Lac , Cladomnion) fleiscli.; Bepidopihim australf 
Broth.; HamperIIa Kurzii C.M. 

Tully Falls, n.69I. [Previously recorded from Harvey’s Creek' 
Bailey", 1889]. 

(Edieladlaeete. 

Y v H 1 u M Mchimp., Fleischer. 

*M. RUPKHCKNa (Hsch. ct Reinw.) Fleiacli. 
Ravenahoe, n.534« (f depauperate). Range, Indo-Malaysia. 

Heekeraceaa. 

Thachyloma Brid. 

T. planifolium (Hook.) Brid. 

Ravenahoe, n. 543; Malanda, u. 650 e.p. 

Bsdutrichuu C.M. 

E. Diitriouiae C.M. 

Babinda, n. 440; Ravenahoe, n. 568, 5726, 616 e.p.; track to 
Tully Falls, n. 561. 

E. LBPIDA O.M. 

Frenchman’s Creek, 417 e.p.; Kuranda, 511 e.p., 607*; Ravena¬ 
hoe, 478 e.p., 564 e.p. 

Oarovaglia Endl. 

0. Mublleri (Hpe.) Mitt. 

Kuranda; Babinda; Malanda; Ravenshoe, etc. 

Mubllbhi obk vu M Fleisoh. 

M. Wbitbliqqbi (Broth.) FI. 

Stoney Creek ; Babinda; Frenchman’s Creek; Malanda; 
Ravenshoe. 
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♦Ptkrobhyopsis Fleisch. 

P. FiLioERA Broth, et Watts, n.sp. 

Dioica; gracilis, gregarie crescens, Irote viridis, nitidiusculo; 
raules socundarii usque ad 3 cm. longi, inferno simplices, nudi, 
(If*, in densissime pinnatim ravnnsi, til is el on gat is, sat numerosis, 
articulatis, papillusis instructi, mmis erccto-paten ti bus, vix ultru 
6-inin. longis, complanatulis, simplicibus, obtusis; folia imbricata, 
subcymbiformi conwiva, dorso hrvia, ovato-oblonga, breviter 
acuminata, acuta, marginibus erectis, ubique serrulatis, nervo 
tenui, subcontinuo, dorso supenic .serrate, cellulis angustissimis, 
apice papillose exstante, basilaiibus infinns laxioribus, alaribus 
sat numerosis quadratis. Cietem ignota. 

Malanda, on trunks of trees, n. 549, Kavenshoe, on trunks of 
trees, n. 605a. 

Ptebobrttdiitm Broth, et Watts, n.geit, 

Pt. aubtrale B. et W., n.gen. et sp. 

Dioicum; robustiusculurn, lrote viride, rotate lutescens, nitidutn; 
caul is priinarius lunge repens, plus minusve fusco-radiculosus: 
caules socundarii conferti, rigidi, superne sspe arcuati, usque ad 
12 cm. lyngi, dense foliosi, plerumque obtusi, rarius Hagelli- 
formitcr atteuuati, infeme simplices, dein plus minusve regu- 
lariter pinnati, ramis patulis, teretibus arcuatulis, usque ail 
2cm. longis, obtusis vel plus minusve longe, rarius flagelliformiter 
attenuatis, simplicibus, rarius longioribus, parce ramulosis; folia 
caulina infima, minuta, dein sensim accrescentia, cochleariformi- 
concava, sicca imbricata, levia, late ovalia, apiculo lato, obtuso, 
recurvulo terminate, nervo simplici basi validiusculo, dein raptim 
tenuiore, ultra medium folii evanido, cellulis inter se porosis, 
linearibus, chlorophyllosis, basilaribus infimis fusco aureis, alari¬ 
bus numerosis, subquad ratis; bractero periebrotii erecte, concave, 
interne oblonge, raptim breviter acuminates, c. 5mm. longe et c. 
1*5 mm. late, integre, nervo tenui, vix ad medium bractee pro- 
ducto, cellulis linearibus, inter se valde porosis, basilaribus laxi¬ 
oribus; seta c. 1 mm. alta, stricta, fusca; theca immersa, breviter 
ovalis, sicca deoperculata sub ore paulum constricta, c, 2 mm. 
long* et c. 0*90 mm, crassa, fusca; peristomium duplex, infra 
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oriflcium oriundum, rufum, Imve, cum prreperistomio; exostomii 
dentes anguste lanceolati, linea dorsnli recta, articulation]bus 
lamelliformibus. corona bast laris rudimentaria; processus angusti; 
sublineares Ceetera ignota. 

North Queensland; Malanda, n. 619 /a; Havenshoe in scrub, 
u.55Ie.p.,555 t 566, 657 e.p., (Watts, 19iTi). Queensland*N.S W * 
Mt. Lindsay (J L. Boorman, n. 15*22 in Herb. Sydn,). 

Genus novum insigne, habit u folioruinque structuru speciebus 
nonnuUis Pterobryopsufatt si mil li mum, sed theca immersa nec 
non peristoinio dignoscenduin 

P A P H L A R I A (C.M.J C.M. 

P. amblyacis (C.M.) Jaeg. 

Lake Barnne, n. 636. 

P. flkxicaums (Tavl.) Jaeg. 

Havenshoe, n.556 e.p., 610e.p., 654a, Malanda, n.619e p., 647 

P. KKRUADECBNHis (C.M.) Jaeg. 

Bahinda; Malanda; Havenshoe; several nos. 

fP. NITIDlUHCUT.A Broth. 

Malanda, n.618 e.p., 6195. Previous records, N.S.W. 

Mktkohium Do/, et Molk. 

Al. Bailsyi (Broth., Papillaria) Broth., BryaUn, p.818. 

Havenshoe; Malanda; Yungaburra; several nos. 

*M Miquklianum (C.M.) Fleiseh. 

Malanda; Iiavenshoe; several nos. 

Akkobryopsis Fleiseh. 

A, siomatophylla (C.M.). 

Base of Bartle Frere; B&birida; Frenchman’s Creek; Malanda; 
Lake Barrine; Havenshoe: many nos. 

*Floribunda ki a C.M. 

*Fb. F Lori bund a (Doz. et Molk., Meteorium) Fleiseh. 

Malanda, n. 4946, 619e: Yungaburra, n. 668 e,p.; Havenshoe, 
n. 579. 

♦Ft. psrudoflokibunda Fleiseh. 

Malanda, n,6Sl e.p., 665; Havenshoe, n.683, 624 e.p., 666, 
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Fl. robubtula Broth, et Watts, n sp. 

Dioica; robustiuscula, pall ide luteacenti-viridin, opaca; caulis 
sacundarius breviu soul us, dense piimatim ramoeus, ram is patulis, 
usque ad 2 cm. longis, apicem versus decrescent!bus, l&xiuscule 
foliosis, simplicibus, ohtusis; folia ramea horrid© patula, e basi 
cor da to ova ta Ian ceoluto-subu lata, uoiualia in pilum 6exuo.su in, 
donticulatum attenuate, marginibus basi uno latere inflexis, 
apice crenulatis, nervo tenui, ultra medium folii evanido, cellulis 
elongatis, angustis, seriatim papillosis. Ceetera ignota, 

N. (Queensland : Malanda, oti tree trunks, n.618«. 

Species statura robustiuscula foliisque horrid© putulis oculo 
nudo jam dignoscenda. 

Barbella (O.M.) Fleisch. 

B. snbhvis (Thw. et Mitt.) Fl.; Neeksra tnchophoroidfia Hpe. 

Ravenshoe, u 558, 624, 628 e.p. 

BTEORIOPBI8 Fleiflcb, 

# M. RRCL1NATA (O.M.) Fl. 

Malanda, 604, etc.; Yungaburra, n.626a; Raven shoe, 541, etc. 

*Trachypub Reinw. et Hornsch. 

*T. Nova Caledonia C.M. 

Malanda, u. 633. 

Ortuokrhynchium Reichdt. 

O. OYMBIFOLIOIDBfi C.M. 

Ravenshoe, n. 600, 605 e p., 611 e.p. 

Ca l yptoth eci u h Mitt. 

C. aoutum (Mitt.) Broth. 

Babinda, n. 317; Ravenshoe, n. 551, etc. 

C. humile (Mitt.) Broth. , 

Ravenshoe, n.557 e.p.; Yungaburra, 612,etc.; Malanda, n.619?. 

0. RBCUBVULUM (C.M., Trachyloma) Broth. 

Babinda, n. 312 e.p. 

NicKBROPSts Reichdt., emend. Fleiech. 

N. Lepinkana (Mont.) Broth. 

Malanda; Ravenshoe; Yungaburra: several no*. 
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•HiMANTocrADiUM (Mitt., Neckera) Fleisch. 

♦H. fiORiFORME (Bryol. jav.) FI. 

Base of B&rtle Frere, n. 294; Bahinda, n. 437. 

*H OMAMODRNPKOK Fleisch. 

*H. bxiouum (Bryol jav #l Tfomalia) FI. 
Ravenshoe, n. 546, 576^. 

*H. flabbllatuu (Dicks, Hm., Hookeria) FI. 
Ravenshoe, n. 547 8, 564 e.p., 609. 

*P INNATELY A (C M.) FldSch. 

*P. INTRAUMBATA FI. 

Ravenshoe, n. 600a, 611, 632, 667 e.p. 

Lembophyllaceffl. 

Camptoguastk Reiehdt. 

C. BRISBANIOA (O.M.) 

Raven shoe, n 542, 595, 648 e.p.; Lake Barrine, n. 636. 

C. vaga (Hornscb.) Broth. 

B a bind a; French man's Creek; Malauda : several nos. 

Entodontacem. 

*C A M P V L O U O N T I U M L>oz. efc Molk. 

*0. flavkbcrns (Hook., Pterogonium) Bryot. jav. 
Ravenshoe, n. 538, 581 e.p. 

Fabronlacem. 

♦Austin i a C.M. 

♦A. LUZONRN81S Broth. 

Ravenshoe, n. 667 e.p. 

Hookert&eeee. 

Dibticropuvlluk Doz. et Molk. 

D. Bailryanum O.M. 

K u rand a; Ravenshoe; Yungaburra : several nos. 

Cyolodictton Mitt. 

O. LRPIDUM (Mitt,); Hoofaria kanteniana Broth. Geh. 
Yungaburra, n. 576a, 674, 
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Callicostella (O.M.) Jaeg. 

*C. KiERNBACHII Broth. 

Kuranda, n. 266, 272; Babinda, 332 bis, 

Chatouithium Dok. et Molk. 

On. entodontoides Broth. et Watts, n sp. 

Dioicum; gracile, nuspitosum, crespitibus laxis, mollibus, de- 
pressis, lutescenti-viridibus, nitidiusculis; caulis repens, fuBco- 
radiculosus,dense et coinplanate foliosus, dense pinnatim ramosus, 
ramis vix ultra 1 cm. longis, complanatis, obtusis; folia erecto- 
pa ten ti a, concaviuscula, nvato-oblonga, rotundato-obtusa, dorso 
ltevia, marginibus erectis vel basi anguste recurvis, superiie 
argute denticul&tis, nervis binis, brovibus, indistinctis, cellulis 
angustissimis, line&ribus, infinrm basi brevioribus et l&tioribus, 
aureis, omnibus lievissimis Cetera ignota 

North Queensland; Frenchman's Creek, Cairns District, u.352. 

Species distinctissima, babitu entodontoideo foliorunique forma 
facillime dignoscenda. 

Oh. Gbhkebii Broth. 

Babinda, n. 336a. 

On. nkmatosum Broth. 

Babinda; Frenchman's Creek; Kavenshoe; several nos. 
Lepidopilum australe, See Hampeetta pattens, 

Hypopterygtaeea. 

Hypopterygium Brid, 

H. Murllkri Hpe. et C.M. 

Lake Barrine, n. 643. 

Helleophyllaeea. 

POWKLLIA Mitt. 

P. australis (Hpe., lJelicophyUum ) Broth. 

Frenchman's Creek, n. 401. Found earlier by Dallaohy at 
Rockingham Bay. 

Rhacopliace®. 

IIhaoopiluic Pali*. 

Rn. O0NVOLOTAOEUH O.M. 

Rabipda; Frenchman's Creek; Malanda; Ravenshoe. 
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Leske&cem. 

^Hkrpktineuron (C.M.) Cardot. 

*H. ToccOiB (Hull, efc Lesq , Anomodon) Card. 

Rave ns hoe, n. 598 e.p. 

Tbuidicm Bryol. eur. 
tTH. LILLIPUTANUM Broth. 

Ravenshoe, n. 648, 665, 

Th. plumulosiforme (Hpe.) Jaeg. 

Stoney Creek; Frenchman’s Creek t Kuranda; Ravenshoe. 

|Th 9UBKRKCTUM (Hpe.) Jaeg. 

Stoney Creek; Mai and a; Ravens hoe 

[Not *.—The following species have also been recorded for 
N.Q : Th. ramenfosum Mitt, (Bel lend eti Ker: Kars ten); Th. spar - 
sum (Bellenden Ker : Karsten), and perhaps others.—W. W/W.J 

Hypn&ee®. 

Stersodonttft. 

Ecthopothkoium Mitt. 

K. BERRiFoi.tUM Broth, et Watts, n.sp. 

Dioicum (?): graeile, etespitosuin, crespitibus densiuscuhs, 
rigidis, depressis, lie to viridibus, nitidiusculis; caul is eiongatus, 
re pens, fusco-radiculosus, dense subpinnatim raniosus, rani is vix 
ultra 5 mm. longifc, strictis, dense et complanate foliosis, Bimplici- 
bus, obtusis; folia erectopatentia, caulina superiora plus minus\e 
distincte homomalla, con cava, caulina ovatodanceolata, plus 
ininuave longe acuminata, marginibus inferno indistincte re- 
curvis, superue crectis, argute serratis, nervis binis, brevibus, 
cellulisanguste linearibus, apice distipetissimo papillose exstenle, 
marginalibus in serie uniea brevioribus, ramea breviter et late 
acuminata. Ccetora ignota. 

Cairns District: Midstream Falls, Ravenshoe, n. 528 (leg. l>r. 
Joynt). 

Species E. Eollingeri (C.M.) Jaeg., affinis, sed foliis argute 
serratis jam dignoscenda. 

E. umbiculatum (O.M., Uypnum) Far. 

Stoney Creek; Kuranda; Babinda; Ravenshoe, etc. 
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*E. verbuoosum (Hpe,/ Jaeg. 
llavenshoe, n. 539 e.p., 606, 653 e.p., 661. 

SStkrkodon Mitt. 

S. MOssMANNiANUs (C.M., Uypnum) Broth. 

Millstreurn, Raven shoe, n. 521 e.p. 

tS. subchrysog aster Broth. 

Rocky Hill, Kuranda, n. 680 e.p. Previous loe., Blackall 
Kango: leg. Whitteron. 

Acanthocladium Mitt. 

A. kxtkvuatum (Brid.) Mitt. 

Frenchman's Creek; Malanda; Ravenshoe; Tully Falls. 

A. sp.1 

Rnvenshoo, n. 605 e.p. 

Pltujiotkecieai . 

F H O P T K II Y G I U M Mitt. 

I. auhtro-pusillum (C M.) Jaeg. 

Stoney Creek, Kuranda; base of Bartle Frere; Babinda. 

T. candidum (C.M.) Jaeg, 

Kuranda; Malanda. 

I. 8UBLAT1 FOLIUM Broth. 

Base of Bartle Frere, n. 299 e.p., 305. 

Taxitruium Sprue. 

T. kbrianum (Broth., TriehosMeum) Broth., Bryales. 

Base of Bartle Frere, n. 285 e.p., 298; Babinda, n. 320 e.p.; 
Tully Falls, ». 591 e.p., 597. 

tT. Novjb Valbsle (Broth., Isopterygium) Broth. 
Babinda; base of Bartle Frere; Malanda; Yungaburra; Tully 
Falls, etc. 

*T. pa fill atom (Harv.) Broth., Bryales. 

Babinda, n. 424; Frenchman's Creek, n. 362a. 



1U‘ V. K. ItROTHKKt’K AND W. W. WATTH. 


fifif) 


T. (Polystigma) Wattbu Broth., n.sp. 

Dioicum; robustiusculuin, crespitosum, cwspitibus densis, de. 
pressis, viridibus, nitidis: caulis elongatus, repens, per totam 
longitudinem fuBco-rodiculosus, dense pinnatim ramosus, ram is 
patulis, valde romplanatis, dense fohosis, obtusis, rarius flagclbs 
inicrophyllinis instructs, cum foliis c. 1 7 min. latis, vix ultra 
iiram. longis, simplicibus ve) longioribus, pinnatim ramulosis, 
folia ramea lateral i a patentia, valde con cava, c basi paulum 
angustiore oblonga, sensim lanceolato acuininata, rnarginibus 
erectis, apice minute serrulatis, nervis binis brevibus vel nullis, 
ceilulift angustifisiniiB, seriatim minutissime papillosis, hasilnribuR 
infimis vesiculosis, hyalinis. Cietcra ignota. 

Babinda, North Queensland, on living tree trunks, ». 441. 

Species valde peculiar].?, cum nulla Alia commutanda. 

V K 8 i c u u k u i a (C.M.) C.M. 

tv. aiVALis Broth. 

Stoncy Creek, n. 266 e.p. A second locality. The type was 
collected by Watts on the Richmond River (Whian Creek). 

SematophyllacesB. 

M R10THKCIUM Mitt. 

M Brotheri Watts; J/. Centrum B.F., non Mitt. 

Cairns (Police paddock, on fig tree), ti. 227, 228, 230; Street’s 
Gully, Kuranda, n. 270a, 607. 

|M. Wattbu (Broth , Pterogomeila) Broth., Bryales. 

Kuranda, n. 607c, 642 

UflAPHinosTEQiiiN Schimp. 

Rh. AOICULUM (C.M.). 

Stoney Creek; Kuranda; Karenshoe, etc. 

Uh. ovale Broth. 

Babinda; Frenchman’s Creek; Ravenshoe. 

Rh. pseudo-homomallum (C.M.). 

Kuranda; base of Bartle Frere; Babinda; Frenchman’s Creek; 

Ravenshoe. 
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*R.H. BAPROXVLOPHILUM (C.M.) Jaeg. 

Frenchman’s Creek, n. 362; f. robiisla (n. 415). 

Heuatophylluh (Mitt.) Jaeg. 

8. ERYTHKOPODiUH (Hpe.) Jaeg. 

Malanda, n. 625 e.p. Previous record, Rockingham Bay : 
Dall&chy. 

S. sp.? (ster.): Ravens hoe, n. 688. 

8. spl (ster ): Tully Falls, n. 691 e.p. 

•Trichostklbum (Mitt) Jaeg, 

T. (Papillidium) elkoantulum Broth, et Watts, n.sp. 

Autoicuin; tenellum, cwspitosuro, ceespitibus densis, pallide 
viridibus, estate lutescenti—vel fuscescenti— viridihus, nitidb 
usculis; caulis breviusculus, per totam longitudinem fuscoradicu- 
losus, dense ramosus, ramis adscendentibus, complanatis, brevi- 
bus, siraplicibus vel longioribus plus minusve ramulosis; folia 
erecto-patentia, concava, e l)asi anguste oblongo-elliptica sensiro 
lanceolate vel Ianceolato-subulata, margin ibus late recurvis, 
superne argute serratis, enervia, cellulis anguste ellipticis, superb 
oribus papilla media altiuscula instructis, infhnis aureis, alaribus 
mag n is vesiculosis, hyalin is vel aureis; bracte® perichcetii intern* 
erect®, e basi vaginante in acumen loriforme, argute berratum 
sensim attenuate*; seta vix ultra 8mm. alta, tenuis, rubra, 
ubique mammillis humilibus latis, luteis obtecta; theca suberecta, 
majuscula, ovalis, fusco-rubra, lnvis; operculum ignotum. 

Cairns District (Frenchman’s Creek), n 382. 

Species distinctissima, foliis angustie, nec non theca majuscula 
oculo nudo jam dignosccnda. 

T. ham atom (Doe. et Molk.) Jaeg. 

+Var. SKMiMAMM/LLOSUM (C.M.) Par. 

Babinda, n. 319 e.p., 337a; Frenchman's Creek, n. 3626, 383. 
The var. previously recorded for Papua and the New Hebrides. 

Rhegm&todontfteea. 

♦Maorohymrnium C.M. 

*M KuruM (Heinw. et Homsch.) C.M. 

Malanda, n. 623; Ravensboe, n. 657, 660, 662. 
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Brachytheeiaoeas. 

Rhynchost koi ella (Bryol, eur.) Limpr. 

Rh. convoujti folia (Hpe.) Broth. 

Base of Bartle Frere, n. 297 e.p. 

Hhynciiohteqium Bryol. eur. 

Rh. nano-pennatum (Broth.) Far. 

Base of Bartle Frere, n. 2K5 e p., 296 7; Babimla, n 320 (/ns); 
Frenchman’s Creek, n. 416. 

Rh. tenuifolium (Hedw.) Jaeg 

Ravens hoe, rt. 425 e.p , 476 c p.; Yungaburra, n 601. 

Hypnodendr&cem. 

IIypnodkndkon (C.M.) Lindb. 

H. SPIN1HKRVIUM (Hook.) Jaeg. 

Kuranda; Babinda; Yungaburra; Ravenshoe 

Mniodbnohon Lindb. 

Mn. comatulum Gelt. in Herb Broth. 

Dioicurn; gracilescens, viride, state fuscesccns, uitidiusculum; 
caules secundarii approximate usque ad 4 cm longi, a foliis 
squanueformibus, remotis, patentissimis, reflexis, tomento den- 
sissimo fusco-purpureo occult is obtecti, superne verticillatim 
ramosi, ram is 1-1*5 cm. longis, gracilibua, arcuatulis, undique 
dense fuliosis, simplicibus; folia caulina e basi late rordata, tri¬ 
angularis, longe aristata, marginibus erectis, basi minute denli- 
culatis, superne argute et inwqualiter serratis, nervo longe ex- 
cedente, celiulis anguatissimie, alaribus sat numerosis, ovali- 
hexagonis, fusco-aureis; folia ramea patentia, ovatodanceolata, 
breviter acuminata, marginibus basi integris, superne argute et 
inaqualiter serratis, nervo apice evanido superne dorso Berrato; 
seta usque ad 2 cm. alta, flexuosula, tenuis, fuscfdula; theca 
horizontalis, oblongo cylindrica, c. 3 mm. longa; operculum e 
basi convexo-conica longe rostratum. 

Oharmellan’s Creek, on Gordon’s track from Ravenshoe to 
Tully Falls, n. 676. Mt Armifc: Pentxke in Herb Melb.(type). 
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No.4. Hkmzptrra Hrtrkoptkra : The Family Duxstanuajc. 

With a Notic on the Ohigin of the Hktkhoptkha. 

By B, .T. Tillyaku, M.A., D.Hc., F.LS., F.E.S., Linnkan 
Maclbay Fellow of the Society in Zoology. 

(Plate lix.; and Text-figures* 17-213). 

In 1916, T described (8) the beautifully preserved wing of 
Dunatania pulchra Till., from the Upper Trias of Ipswich, 
Queensland, and placed it as the sole representative of a new 
family Dunstaniidn within the Order Lepidoptera This deri¬ 
sion had the concurrence of Dr A. Jofferis Turner, of Jirislmne, 
and was based mainly upon the presence of eight longitudinal 
veins in the fossil, this being the number found in the hind wings 
of Frenate Lepidoptera. 

While the description of this fossil was going to press, 1 hap¬ 
pened to be on a visit to Brisbane. A day or two before I left, 
Mr. Dunstan showed me four other specimens bearing the label 
“ Dumtania ” in pencil; these bad just been discovered at 
Ipswich. Two of them were brood wings resembling the type, 
and two were much longer and narrower wings. Thinking that 
these latter must be the forewings of the same insect a& that ( 
whose hindwing I had assumed the type to be, I added the note 
on p.32 of the paper quoted above. However, when I received 
from Mr. Dunstan, later on, the complete collection of Ipswich 
Insects of which these wings formed a part, and had time to 
work at them in detail, 1 soon found that the two narrow wings 
did not belong to Dumtania at all; so that there remained only 
the two broad wings for study in connection with the original 
type. Neither of these is in anything like as good a state of 
preservation as the type is, and one of them is very poorly pre¬ 
served indeed. 
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Meanwhile the publication of the original description had 
created considerable interest amongst entomologists, and discus¬ 
sion soon became rife as to its true affinities. Tn August, 1916, 
Mr E. Meyrick, contributed a paper on the subject’d), 

in which he argued strongly against the admission of Dimatania 
to the Order Lepidoptera, and suggested that its affinities might 
rather be with the Homoptera. He reasoned as follows Tn 
order to appreciate the position, 1 looked up the record of 
Pahrontina oolitxra Hutl., from the Jurassic, hitherto the oldest 

known Lop id opt cron,.; 1 must express my opinion that 

there is little doubt it belongs to the J/rpialidn* . Now it 

is clearly proved on structural grounds that the MicropUrygina 
(the small group to which the Bepia/idw belong, otherwise 
termed Jugatw) were the primitive form of the Lepidoptera, and 
the nature of PaUeoniiaa is in accord with this conclusion and 
confirmatory of it. Parenthetically, I take occasion to notice 
that Goss, Tillyard, and others are troubled as to what the early 
Lepidoptera can have fed upon, when flowering plants were not 
yet in existence, and honey was not available; it is a problem 
easy of solution, since the more primitive forms (including the 
Jfepicdtdm) have in general no proboscis or feeding apparatus, 
and, therefore, fed on nothing in the perfect state." 

“With the evidence recounted above, Dunsiania, if regarded 
as Lepidopterous, is violently discordant As the hindwing 
possesses neither frenulum nor prominent basal angle of costa, 
it must be assumed that the forewing was furnished with a 
jugum; all existing Lepidoptera exhibit one or other of these 
structures. But all jugate Lepidoptera have the hindwing 
similar in neuration to the forewing, with at least 11 veins, 
whereas this wing seems to be of the modern 8-veined type, 
though conspicuously different from any known form, and in fact 
quite as highly specialised as any now existing. Finally, there 
is the apparently corneous margin round the costa and termen, 
which is altogether abnormal, no other Lepidoptera showing a 

* See also “ Nature,*' No. 2488, Vol. 99, Sept. 28th, 1016, p.75, where 
this paper is reviewed, 
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trace of it, and in my estimation a far more important systematic 
character than the two which the author lays stress on.” 

“It appears to me, then, that this specimen can only be 
regarded as Lepidopterous on the theory that it is a member of 
an entirely unknown line of development of that Order, which 
had attained a high degree of specialisation at a period far 
anterior to the earliest certainly Lepidopterous insect known, 
itself a lowly organised form; this cannot be termed impossible, 
but it involves a very great improbability. The alternative view 
that the resemblances are occidental and the insect not Lepi¬ 
dopterous seems to me, on the whole, less improbable." 

“ I cannot venture to express any positive opinion on its pos¬ 
sible relation to other Orders, hut I suggest that theie are some 
points of resemblance to the Hemiptera-Homoptera, some species 
of which have a semi-Lepidopterous facies. The corneous margin 
of the wing, the central cell (usually, it is true, much larger), and 
approximate number of veins rising from it, and even the curious 
dark banding of the membrane alongside the veins, can all be 
paralleled in this group, which, moreover, is already known to 
have been in existence since the Carboniferous period.”* 

Mr. Meyrick’a criticism led me to study intensely the various 
types of Lepidopterous wing-venation extant, about which I 
knew very little at the time that I first described the fossil. I 
very soon became convinced that Dunatanxa was not a Lepidop- 
teron; but that conviction was not baBed, for the most part, on 
the argument set forth by Mr. Meyrick, which I regard as un¬ 
sound in several important particulars. 

Firstly, as regards Pafaontina. The latest authority on the 
family to which this fossil belongs is Handlirsch(l), who gives a 
masterly treatment of this and allied fossils, with photographs 
and restorations of a number of types, in some of which the 
hindwing is complete enough to allow of definite proof that the 
Palcwntinidm were most certainly not Hepialidai, as Meyrick 
avers, nor even Jugatce of any kind, but definitely Frenatn allied 

* This is surely an error. No true Homoptera were known below the 
Lias, until I described Mtatf bssus from the Ipswioh Trisa, and, later on, 
two new genera from the Permian of Newoastle, N.8. W. 
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to the Limacodidce . If Mr. Meyrick “ turned up the record of 
Palmvntina oolitica ,” bow is it that he ignored Handlirsch’s 
epochal work, which does not fit in with his own opinions 1 

T accept without any doubt whatever Handlirsch’s proof that 
the Paltroniinidai were Frenate moths, though I take leave to 
doubt that they were as closely allied to the Limacodidte as ho 
imagined. The evidence of the hindwings, which are small, with 
only eight or nine veins, is conclusive on the point. Conse¬ 
quently, there is no absurdity in supposing that Frenate types 
might have existed also in the Lias, or in the Upper Trias of 
Australia. That being so, all this part of Mr. Mcyrick’a argu¬ 
ment rests upon an unsound basis. 

There is, therefore, no a priori reason why a Frenate moth, of 
a type Jar removed from those we know at the present day, might 
not also have been in existence in the Upper Trias at Ipswich, 
though I am quite willing to admit that it might not be a very 
probable supposition. 

Secondly, as regards the “ apparently corneous margin” round 
the costa and termen In my description, I simply called this 
“ a wide margin without pits,” and added that “the external 
border, or shows signs of a delicate transverse ribbing p 

which “ extends also somewhat indistinctly round the apex on 
to the costa.” F purposely refrained from suggesting that it was 
a corneous margin, as it seemed to me to be equally likely that 
it had been formed by the crushing down of the deep bases of 
insertion of a scrios of stiff and closely packed marginal hairs or 
bristles, such as one sees in many Diptera, for instance There 
was no inherent improbability that such a margin might not be 
found on a strongly-built and hairy-winged, primitive Lepi- 
dopteron. 

If, however, the margin lie really corneous, then I admit that 
the character is of great importance, and definitely rules Dun - 
etania out of the Lepidoptera. In the actual fossil, the appear¬ 
ance of this margiu is certainly not such as to suggest a positive 
solution to this question, oneway or another; but Mr. Meyrick, 
of course, had only my drawing to go upon. 

Thirdly, I should like to reply to Mr. Meyrick’s parenthetical 
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statement that the early ancestors of the Lepidoptera took no 
food in the imagine! condition. Tin's argument defeats itself. 
For, if these insects took no food as imagines, then surely their 
descendants must have even more aborted mouth-parts than 
their ancestors, and thus they should all be either liepvalidn*, or 
Saturniidi* ! Surely the ancestors of those Lepidoptera that ai e, 
to-day, of the lmu stellate type were originally of the weak man 
dibulatc type still preserved in Micropteryx and allies, and were, 
therefore, pollen-feeders and lappers-up of dew and ruin-drops, 
as the great majority of the Planiponnia, Mecoptera, Trichoptera 
and Diptera are to day ! 

To my mind, the groat argument against Dunstama being a 
Lepidopteron is simply this, that the venation, (juite apart from 
the mere number of the veins, does not show any of the typical 
arrangements of that Order, whether Front*tie or Jugatie. As 
soon as I had sufficiently mastered tho wing-venation of the 
Order, I became convinced of this, and definitely rejected my 
original placing of the fossil ft is part of the object of this 
paper to relate how the opinions of different entomologists, look¬ 
ing at the problem from different points of view, favoured the 
claims of various Orders to receive this fossil; Irut none, includ¬ 
ing myself, who had the type-specimen itself to study, succeeded 
in finding the true solution, which was at last given hy the 
study of the new material. 

Startiug from Mr. Meyrick’s suggestion that Dunatcmia might 
lie liomopterous, I find that a number of correspondents enter¬ 
tained this idea, the strength of which lies, of course, in the in¬ 
terpretation of the margin of the wing as corneous. However, 
Mr. J. Edwards, of Cheltenham, England, an acknowledged 
expert upon this Order, wroto to Mr. Meyrick, and also to me, 
strongly opposing the idea, on the ground that he could see 
nothing in the fossil to indicate such a relationship. As the 
Homoptera are well represented in the Ipswich Trias by forms 
differing entirely from Dunstanxa, and as I was unable to estab¬ 
lish a single venational character common to the two types, I 
soon abandoned any idea of relationships in this direction. 

In correspondence, other entomologists discussed with me the 
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probable affinities of Dunstania, but their opinions were not 
published. Tn particular, T desire to mention Mr. Herbert 
Campion's share in the clearing up of the mystery. It was 
through his unfailing courtesy that I was kept in touch with 
the trend of opinion in England on the fossil, and from him I 
obtained valuable suggestions as to dues that were worth follow¬ 
ing out. Ono of the most interesting of those, originating with 
Mr Durrant of the British Museum, and stated m publication 
by Dr. Bather, F.R.S., in the course of a short review of my 
paper in “ Nature,”* was, that the venation of Dnnstnnia might 
be compared with that of certain groups of Diptera, such as the 
Paychodidtr* At about the same time, Dr. C J. Gahan, of the 
British Museum, had before him a small collection of insects 
from New Zealand, and suggested to Mr. Campion that the fossil 
should he compared with the Anthomyiid Exanl ninyularia 
Hutton, which it closely resembles in tho shape and general ap¬ 
pearance of the wing. 

Acting on these suggestions, T put myself into communication 
with several New Zealand entomologists, in the endeavour to 
obtain material of ExanL This, however, was not easy to get, 
as the fly is exceedingly rare, and regarded as a great prize. 
After a considerable time, l obtained two specimens, one from 
Mr. David Miller, Government Entomologist of New Zealand, 
and an expert Diptorologist, and another from Mr. G V. Hudson, 
of Wellington To liotli of these gentlemen I offer my cordial 
thanks for their generosity in sending me such valuable material. 

While I could not admit any affinity botweon Dunatania and 
Lhe l J *ychodidte t 1 was impelled to study more closely its possible 
affinity with Exstd, in spite of some cardinal differences in the 
veuabional scheme, which would he hard to explain on auy 
hypothesis. Believing that I had here, At last, a good solution 
of the problem, and wishing to give due credit to those to whom 
the suggestion was origiu&lly due, I wrote to “ Nature,”t stating 
my adherence to the probable Dipterous nature of Dunatania. 
However, it was necessary to carry out a very detailed study of 

* Nature^Nor 244l7Vol. 97, AiigT 10th, 1oTflT p.48»T 

t “Nature," No. 2488, Vol.Ofl, July 8th, 1917, p.373. 
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the fossil before anything could be published. Here T was 
helped and guided by a regular correspondence with Mr. Miller. 
He, like other entomologists, found in the supposed corneous 
border of the wing a stumbling-block to the acceptance of any 
theory of Dipterous affinity for the fossil. He also pointed out 
the remarkable difference between the structure of the costal 
vein in Dnmlanxa and in Ex$uf , and finally declared his belief 
in the Homopterous nature of the fossil. 

The only other possibility that occurred to me was, that Dun- 
stanta might be the wing of a large Oligonourous Mayfly. The 
shape and venation of the wing made this likely; but 1 was 
unable to follow this line of research far, as I soon became con¬ 
vinced that the evident toughness and strength of build of the 
DunsCama wing could not possibly have belonged to the wings 
of any representative of the Order Plectoptera. 

Here, then, after having reviewed possible affinities with four 
Orders, Lepidoptcra, Diptera, Homoptera and Plectoptera, I 
abandoned the study of this puzzling fossil for a time, in the 
hope that a respite from the work might rid my mind of any 
preconceived notions, that were bound by now to lie present, 
after so long a time spent in thinking over the problem, and 
might allow some new light to come in. 

In the meanwhile, J had received from Mr. Dunstan the com¬ 
plete series of fossils found at Ipswich since my first paper had 
lieen published, and had been arranging these for study. For 
Some months, I had put the new material of Dunttania by, as it 
was evidently in very poor preservation compared with the type, 
and I did not expect to get any new evidence from it. It was, 
however, from this new material that the solution of the problem 
came; and that solution was of such a nature that it could have 
scarcely been suggested as a possibility, on the evidence of the 
type alone. 

The number of tlio typo-specimen was 2a; the two wings of 
Dwistania received after the type had been described were 
numbered 107a and 147 respectively. In the present paper, I 
propose to give a complete description of the new materia], 
together with a re-examination of the type in the light of the 
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new evidence, and an attempt at a complete restoration of the 
wing. 

Specimen No.147 is in a very poor state of preset vat ion, and 
represents practically the sumo area of the wing us is found in 
the type It dearly Ixdongs to a somewhat larger insect than 
the type; and, us the venation differs from that of the latter in 
some important respects, it will form the type of a new genus 
within the family Dnnatmriidw. 

Specimen No. 107a is in much hotter preservation than No. 
147, but it is not so well preserved as the type. The apical part 
of the wing is missing, but the whole of what was taken to he 
the basal part in the type is fairly well preserved. On the other 
side of this there is preserved a large flattened area, with only 
traces of disconnected venation. On making a careful drawing 
of this, and trying to establish its connection with the rest of 
the wing, on which the venation is well preserved, it iiecame at 
once apparent that this new fossil represented almost the whole 
(excluding the base and apex only) of a huge Heteropteroua 
hemelytron, and that the supposed almost complete wings pre¬ 
served in the type-specimen and in No.147 were, in reality, 
nothing more than the distal membranous half of the hemelytron, 
which is separated anteriorly from the basal half, or c«nw«, by 
a strongly developed node upon the costa. 

With this new and unexpected light upon the problem that 
had been exercising me for so long, the mystery of the affinities 
of Duntiania became cleared up in a moment. There cannot 
now be any doubt that these fossils are Heteropterous; the only 
question that remains for discussion is as to what, if any, recent 
or fossil families of Heteroptera show any affinity with them. 

Before the fossils, including the type, can be correctly de¬ 
scribed in terms suitable to their new position, it will be neces* 
sary to examine them very carefully, with a view to trying to 
establish the homologies of their unique venation upon the 
Comstock-Needham system. This is a difficult task. I propose, 
therefore, to use the new names under which I shall describe the 
two new fossils at the end of this paper, in order to facilitate 
the discussion that must take place before those descriptions can 
be properly given. 
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Specimen No. 107a is to be made the type of a new genus and 
species, Dnnataniopsia Iriamca, n.g. et sp,, while specimen No. 
147 will also be the type of a new genus and species, Pnradun- 
stania a/fini$ t n.g. et sp. All these are evidently members of 
the same family, Dnnaianiidt /*, the venational differences being, 
at the most, only of generic value. 

In discussing the venation of the Dunataniid ce, we shall make 
use of the most complete specimen, Dunataniapai* triaaaica , n.g. 
et sp., supplemented by the type of the family, Dnnntanm 
pnlehra Till. It will be necessary to compare the venation on 
the curium of the former with the tracheation to be found on the 
same area of the hemelytra of recent Hetoroptera. LJnfortu 
nately, few reliable figures of the latter are available I have 
selected as the most suitable for our purpose the excellent figure 
of the tracheation of the nyraphal fore wing of Hyromaatea (family 
Coreiihr) given by H&ndlirsch (1, Atlas, PI. vii, flg.3). It is 
not necessary to figure the corresponding venation in the imago, 
as it only differs from that of the nymph in the greater differ¬ 
entiation l>etweeu curium and membrane, the dividing line 
becoming a complete whole, and effectually concealing the con¬ 
nections between the veins on the corium and those on the mem¬ 
brane. Consequently, such an archaic type as Dwiatanioptis is 
more closely comparable with the tracheation of the nymphal 
wing of Syromaatea than with the venation of the imaginal wing. 



Text-fig. 17. 

Tracheation of forewing of nymph of SyrotnaHt* sp.; ( x 8). After Hand- 
linoh. For lettering, see p.692. 

Text-fig. 17 shows the tracheation of the nymphal wing in 
Syrontf^t**. The wing consists of a herd coriaceous basal half, 
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called the cor mm (co), and a softer membranous distal half, called 
the membrane (m). These are separated by the dividing line, 
running somewhat obliquely across the wing from the node (n) 
on the cost a to the antinode («') on the dorsum. Posterior to 
the corium is a narrow projecting anal area, known as the cZaru* 
(cZ). Around the membrane is a complete coriaceous border (o.Z>.) ( 
such as we have already noticed very prominently in the type- 
specimen of Dunstania. 



Text-fig. 1H. 

Henielytron of Duiwtaniopsis triamca, n.g. et bjk ; ( x 2*8). Upper 
Trifttwic, Ipswich, Q. For lettering, see p.592. 


Turning next to Dunstaniopsis (Text fig. 18) we see that the 
node is more prominent, but that the dividing line is, on the 
whole, not so clearly marked, and its course is far more irregular. 
This line also runs more transversely across the wing in Dun- 
staniopeis than in Syromastes; but, in many recent Heteroptera, 
especially in the family Pentatomidat, it takes a similar trans¬ 
verse course, though much straighter than in Dunstaniopsis. A 
further point of difference is that no true claval area can be seen 
in Dunstaniopsis. But, as the extreme base of the wing is not 
preserved, there may well have been a short clavus present on 
the lost part. 

Turning next to the venation, we notice that, in Syromastes\ 
the corium is crossed by four longitudinal veins, not counting 
the analis, which borders the clavus anteriorly. By reference 
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to the precedent brache&tion, these veins are shown to be the 
subcosta, radius, media, and cubitus respectively. As in most 
Heteroptera, the subcostal trachea lies close up to the costal 
border; in the imago, the subcostal vein becomes more or less 
fused with this border. The r&diuR and media are fused for 
some distance from their bases, and then diverge gradually at an 
acute angle. The cubitus is a separate vein, lying about half¬ 
way between the media and analis 

Having made the above comparison with Syromaatea, it now 
becomes an easy task to name the radius, media, and cubitus in 
the corium of Dnnatanlopsis, This is shown in Text-fig. 18. 
Owing, however, to the bad state of preservation, in this fossil, 
of the dividing line between corium and membrane, we cannot 
proceed to name the numerous veins in the latter area with any 
certainty. Here, however, we may fall back upon the type- 
specimen of Dunatania , in which there is just enough of the 
corium preserved to enable us to make the necessary connections. 

In my original description of Dunatania, I paid little atten¬ 
tion to this part of the wing, believing it to represent only a 
small flattened-out portion of the thorax of the insect. I now 
give, in Text-fig. 19, a careful drawing of the region of the node 
and dividing line in this fossil. From the figure of Dunstani- 
opaia, it will be seen that R and M, after diverging from one 
another in the middle of the curium, again begin to converge, 
and are then unfortunately lost in a break in the rock-surface. 
In Dunatania , however, we are able to pick up these two veins 
as they approach the dividing line. R is seen to be just di viding 
into R| and Rs, while M converges towards the latter as a stout 
vein from below. Sc is fused with the costa, as in Dunataniojwa . 
Between So and R there are a number of oblique ribs, half fused 
into the corium; these can also be seen in Dunutaniopaia, further 
basad along the same area. 

Just before the level of the node, Rs turns upwards, and 
partially fuses with R,. From tbe combined stem thus formed, 
three branches pass out into the membrane, viz., R„ R* and R^q. 
Of these, lij is a short vein lying close alongside the costal 
margin, and supporting it from below; it ends up at about one- 
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third of tho length of the membrane, upon the costal margin. 
The second branch, R s , is a longer, gracefully curved vein, 
running below R, and parallel to the costal margin for most of 

its length, and finally 
curving up to meet the 
margin at nl>out two- 
thirds of the length of 
the membrane. The last 
branch, gives off R s , 
dose to its base, and im¬ 
mediately after divides 
into R 4 and It*. R, passes 
in a gentle curve beneath 
H„ and ends up just 
above the apex of the 
wing. R 4 and R 0 meet 
again(in Dnnatauia only) 
beyond the middle of the 
membrane,and from there 
on continue straight to 
the termen us a single 
vein R 4+fi . In Dnnatan- 
iop»i* y R 4+ft is a single unbroken vein from its origin to its 
termination. 

Returning to tho cerium of Dumtania (Text-fig. 19 and Plate 
lix., fig.15), we can pick up M converging towards K as it ap¬ 
proaches the membrane. On the dividing line, it is connected 
with R by a short, stout cross-vein, forming portion of the 
dividing line itself. From the swollen root of M upon the 
dividing line, two branches pass out into the membrane. Of 
these, the upper, M,, arches gently upwards, so as to approach 
close to Rsj, and is connected with 11,* just distad from its origin, 
by a short cross-vein. Thence onward, M, runs with a slight 
double curving to the termen. The lower branch, M 2 + j, almost 

' * Region of node ami dividing line in hemelytrun of Dnnntania pnJrhra 
Till., showing the small anterior portion of the curium preserved in the 
fossil; ( x 7’5). Upper Triassic, Ipswich, . 
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immediately divides into two; of these, the upper, M fl , runs to 
the termen on a similar course to that of but well below it; 
while the lower branch, M 8 , diverges from M„ for some distance, 
until it gives off a hackwardly descending vein, whose destina¬ 
tion cannot bo followed out in Dunstania\ at this point, M 3 is 
bent at a very oblique angle, and passes on probably to near the 
tornus of the wing. 

From the base of M a , in Dun*tania y a very weakly indicated 
vein, M 4 , can be made out, passing downwards, about midway 
between M a and the dividing line; it can be seen to be con 
verging towards the cross vein mentioned in the preceding para¬ 
graph; but the fracture of the rock hides its further course from 
our view. 

In order to follow out the further structure of the wing, pos¬ 
tered to the region of M, we must now turn again to Dunutaii- 
iopais (Tezt-fig.18), in which most of this part of the wing is 
fairly well preserved. In this genus, we can easily pick up the 
cubitus, running with a gentle curve upon the coriurn, well below 
M. In Syromasle* t we see that M and Cu are connected by a 
short cross-vein, not far from the dividing line In Dunttan- 
iopais t Cu gives off an oblique anterior branch, which approaches 
closely to two oblique posterior branches given off by M at about 
the same level; these two branches of M unite c*>se to the 
dividing line, at a point where the branch from Cu lie' Very close 
below them. Here there is a break in the rock-surfa*^ but we 
can pick up, on the other side of the break, a single ^ak vein 
curving into M 4 . This is evidently the prolongatii!’ c of the 
united branches from M and Cu. 

Turning now to the main stem of Cu, we can folio# it, in 
Dunaianiopain^ up to the dividing line between corium and 
membrane, where it gives off an oblique anterior branch, Cu u ; 
this branch meets M 4 , the weak vein already mentioned as de¬ 
scending from the base of M 8 . At the angle formed by these 
two, which is almost a right angle in Dunstamopgi*, a third vein 
conies in from the membrane; following this dist&d, we eed that 
it arises from M„ which, in this genus, is a straight vein running 
to near the tornus of the wing, • \ 
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We can now complete this part of the wing in Dnnstanta. 
The descending vein from M s must be the homologue of the 
corresponding vein in DunstaniopMi* , the only difference is in 
the angle of departure from M 3 On this difference, as well as 
upon its more numerous and slightly more divergent veins, we 
see at once that Dunstania had a broader and shorter membrane 
than Dunstaniopais. 

Following the main stem of Cu, which I call Cu lht across the 
dividing line m Dunstaniop$u y we see that it continues in a 
gentle curve, until it ends up on the dorsum of the wmg, not far 
from the tomus Below Cu lb , another branch of Cu, Cu,,, arises 
on the dividing line, and passes into the membrane as a curved 
vein running to the dorsum below Cuj. 

The dividing line hereabouts is not well preserved, but its 
ending up on the dorsum can be just made out. The division 
between corium and membraue is clearly noticeable in the fossil 
on account of the difference between the colour of the rock and 
the fossil itself. The former is a dark grey; the latter a pale 
brown. The whole of the corium is coloured pale brown, and is 
flat and smooth. The membrane, on the other hand, is vari 
coloured, showing pale veins bordered by narrow bands of dark 
brown pigment, and, between these, areas of the darker rock- 
colour on those parts where no veins are present. Also, the 
membrane is lightly pitted all over, whereas the corium is quite 
smooth in this genus. 

Hufficient wij) now have been said to make it abundantly clear 
that we have, in Dunstania and its allied genera, a primitive 
type of Heteropteron, of large size, ami very probably of amphi 
biotic habits. From recent Heteroptora, such as the Lyyceidce 
and Pyrrfwcorid<e y in winch some of the venation is still pre¬ 
served upon the corium, the Dumtanixdto differ in the incom¬ 
pleteness and tortuosity of the dividing line lietween corium and 
tnemhr&iie; and they show us how the anterior portion of thib 
dividing line has been evolved, apparently in a most complicated 
manner, from a series of cross-veins and branches of main-veins 
Jinking up at different angles. The process by which the straight 
division between corium and membrane, fouud in most recent 
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Heteroptera, has been evolved from the stage seen in the Dun 
staniicfai is simply one of reduction and alignment of parts. 
When it is completed, as in recent l f entatomidcv } the clue to the 
venation of the membrane would he quite lost, were it not for 
the preservation of the trachete in the nymphal wing. T have 
not been able to find a single existing type of Heteropteron in 
which this venation is at all closely comparable with that of 
Duuatania. Tn the aquatic forms, especially, there docs not 
seern to be any clue at ail. Judging chiefly by the shape of the 
wing, and the condition of the venation of the corium, T am 
inclined to regard the Coreidm, Lygmidcr , and Pyrrhocorida as 
the nearest relatives of the DunHtaniidfr at the present day. 
These three families, and no doubt also the Pentatomid& y may 
well lie almost in a direct line of descent from the Dnmlaniid<r,. 
We should have to suppose, in restoring the latter, that the 
development of the scutollum had advanebd very little beyond a 
normal size; and consequently, that the clavus, which, in the 
position of rest, borders the scutellum, was also very short. As 
no anal vein or clavus can be seen in the preserved portion of 
the hemelyIron of Dun$laniopai8 y this was almost certainly the 
case. 

In Plate lix., fig. 15, I offer a restoration of the complete 
hemelytron of Dnnstania pulchra Till., based upon the preserved 
portions of the type and of Dunataniopaia triassica . The poorly 
preserved Paradunalania affinis has not been brought into the 
discussion at all, and its only use in the restoration is to indicate 
the course of the wing-liorder below the tornus. 

It now remains for me to revise tny original definition of the 
family Dunstaniidce in the light of our new knowledge, and to 
give definitions of the type-genus, and of the two new genera 
here proposed, and descriptions of the new species. 

Order HBM1PTERA. 

Suborder Heteroptera. 

Family DUNSTANIIDCE. 

Large bugs, with hemelytra more than 30 mm. long. Hemely¬ 
tron suboval, about half as wide as long, the corium either 
smooth or lightly pitted (hairy), the membrane pitted (hairy). 
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Veins present on the corium are R, M, and Cu; no clavus visible 
in the preserved portion, but the base of the wing is incomplete 
posteriorly in all known specimens. Sc fused with costal margin. 
Costa broken lietween corium and membrane by a strongly de¬ 
veloped node. Dividing line between coriuni and membrane 
crosses the wing from node to antinode in a very irregular 
manner, being formed anteriorly by short cross-veins and por¬ 
tions of main veins, posteriorly by a sinuous line not made up 
of veins On the membrane there are either eight or nine 
longitudinal veins, of which either three or four arise from R, 
three from M, and two from Cu; these veins runs distad in a 
slightly diverging manner, R, ending up at or near the apex, and 
Cu, at or near the torn us. From M 3 a downward and back- 
wardly running branch passes to the dividing line, where it 
meets the intersection of M 4 and Cu u . Few cross-veins present 
on membrane. Veins of the membrane pale, generally bordered 
on either side by a band of dark brown pigment. A fairly broad 
border without pits, and probably coriaceous, runs completely 
round the membrane. 

Horizon, Upper Trias of Ipswich, Queensland. 

The genera comprised in this family are Dunstania JTill, 
Dunstanxopsis } n.g., and l y aradun*tania % n.g. 

Key to the known genera of Dunstaniidfr. 
oonfleeted with the lowest branch of R by a short cross- 
vein, not far distad from the dividing line. I. 

No oruMS-vein present at this level lietween M t and lowest 

branch of R. Pnradnn&tanui, n.g. 

'Four branches of R crossing the membrane, viz., R t to R ft ; R 4 
and R 5 unite a little Ixsyond half-way, forming a closed cell 

. Dunstania Till. 

Three bianohes of It crossing the membrane, viz, R 9 , R 5 , and 
R4+fi; the lattt a single straight vein connected with NI, near 
its origin. Dinifitanioptu*, n.g. 

Genus Dunstania Tillyard. 

(Plate lix., fig. 15, and Text-fig.19). 

Membrane and a very small portion only of the corium pre¬ 
served. Preserved portion of corium distinctly pitted all over, 
Membrane about as broad as long, the apex prominent but grace- 
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fully rounded. Node exceedingly prominent. Rj a weak vein 
fused witli costal margin from below node up to about one-third 
the length of the membrane. H a ending well before the apex, 
U, at the apex itself. lie tween H and M, at the base of the 
membrane, a closed cell is formed, bounded by the dividing line 
basally, by anteriorly, by M, posteriorly, and by a short 
cross-vein connecting these two veins distally. Distally from 
this cell a second closed cell is formed between R 4 and lt A , these 
two veins at first diverging, and then converging to meet again 
at a point beyond the middle of the membrane. and M, 
united distally for a short distance upon the membrane. The 
buck ward ly projecting branch from M s comes off almost at right 
angles from the mam stem. (Rest of hemelytron missing;. 

Genotype, Dnnstnnia pulchra Till., (3, p.32, and Plate lii., 

fig- 6 )* 

Genus I) u N st a n i o ps i a, n.g. (Text-fig 18). 

Hemelytron completely preserved except for the extreme base 
of the corium (including the c lav us, if present) and the apical 
portion of the membrane. A longer wing than that of Dhw- 
slania , and narrower in proportion. Differs from Dunstania as 
follows .— Corium smooth, membrane lightly pitted all over. 
Coriaceous border narrower and less defined; node somewhat less 
prominent. K«+f, a single straight vein, and lienee no closed 
cell formed lietween R 4 and R„. The basal cell completed by 
the presence of the short cross vein between M, and lowest 
brandi of K is present, but is much shorter than in Dunnta*lia 
The backwardly projecting branch from M 3 to the junction of 
M| and Cu u comes off from the main stem at an angle of about 
30", and runs almost parallel to the posterior border below it. 
On the corium, M curves upward distally, converging towards 
R, and giving off posteriorly two branches which unite further 
d is tad and then meet an anterior branch given off from Cu; this 
latter vein divides at the dividing line into three branches, Cu,„ 
Cu lbl and Cu BI of which the first runs to the intersection of M 4 
and the backward brancli from M s , Cu Jt ends up at or near the 
tornus. 

Genotype, I)unttlaniop$u lria$ 9 ioa> n.sp. 
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Donstaniopsis triassica, n.sp. (Text-fig. 1 8). 

Greatest length of fragment, 31 *5 mm.; breadth across the 
dividing line, 15 5 mm Estimated total length of hemelytron, 
40 mm. 

The specimen is only moderately preserved, and would appear 
to have been much torn distally before it became fossilised, since 
a part of a frond of Thiwnftldia, lying upon the same rock- 
surface, projects well into the gap where the missing distal por¬ 
tion ought to be, and is embraced on one side by the projecting 
torn costa, without appearing to overlie the wing in any wav. 
Also the beautiful pattern of brown pigmentation bordering the 
veins of the membrane, though it can be seen to be present, is 
not by any means so well preserved as in Dun$taniu . The 
corium appears to Iiavo been hard, and is fairly well preserved; 
the veins lying upon it are not so distinct as those upon the 
membrane. 

The venational characters being considered as of either family 
or generic importance, they will be found in full in the de¬ 
finitions given above 

Type, Specimen No. 107a, in the Queensland Geological 
Survey Collection. 

Genus Paradunhtania, n.g. (Text-fig.20). 

Portion of membrane only preserved, and in very poor condi¬ 
tion. Apparently a hemelytron of somewhat larger -size than 
that of Dumlartia. No cross-veins basally between M, and 
lowest branch of H. Cross-veins developed not far from dividing 
line between R, and R& and also between ll a and H< h6 . This 
last vein receives a curved branch-vein from above, at about 
the same point as where, in Dnnsiania^ R 4 and unite distally; 
but a break in the rock-surface prevents us from determining 
whether this branch is really K 4 or not. At about the same 
level, Mj receives a curving branch from above; this branch ap¬ 
pears to come from 1 * 4 + 6 , but its origin is not determinable with 
certainty. Rest of venation similar to that of Ihbuvtania, 

Genotype, Faradunstania c$ini§ t n.sp. 
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Pahadunstanfa akfinis, n.sp. (Text fig. 20). 

Cirnatost length of fragment, 17 mm.; greatest breadth, 
14*5 mm. A very poorly preserved specimen, with very little 
trace of the brown pig¬ 
mentation bordering the 
veins. A large and deep 
triangular break has cut 
out a considerable por 
tion of the courses of all 
the branches of R; the 
rest of the veins present 
can be traced out by the 
use of careful lighting. 

This specimen appears 
to represent a liemely- 
tron intermediate in 
size between that of Dmistania pulchra Till., and the much 
larger hemelvtron of Dumtaniopii* triassica , n.g. et sp. In 
shape, also, it was probably intermediate between these two. 

Type, Specimen No.147, in the Queensland Geological Survey 
Collection. 



Note ov the Origin of the lleteroptera, 

Tn dealing with the phylogeny of the Order Hemiptera, Hand- 
lirsch(i, pp.1244-1249) rightly insists upon the clear-cut dicho¬ 
tomy between the two Suborders Heteroptera and Homoptera. 
Neither of these two Suborders can be derived from the other; 
for, on the one hand, the Homoptera have preserved the mure 
primitive wing-form and venation, while, on the other, the 
Heteroptera have preserved the more archaic form of the head 
and antennee. As the direct ancestors of both these recent Sub¬ 
orders, Handlirsch indicates some known Hemipterous fossils of 
the Upper Permian and Lias of the Northern Hemisphere, whioh 
he places in a distinct Order, Palieoheniiptera, on the ground 
that it is not possible to demonstrate that they are definitely 
either Heteropterous or Hoinopterous. The Palmohemiptera he 

* Paradunetanm n.g. et up.; {*2*8). Upper Trausio, lpswioh, Q. 
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would, in turn, derive from the Ijower Penman fossil genus 
Eugerton, winch lie places in a third Order, Protohemiptera. 

Had it not been for the preservation of its mouth-parts, which 
form a primitive elongated sucking lieak, Euyrreon would never 
have been considered to have any relationship whatever with 
the Hemiptera. It was a huge insect, with primitive densely 
veined wings that were held out auay from the body, the pro¬ 
thorax had lateral expansions suggestive of rudimentary wings, 
as in the case of some of the Carboniferous fossils. Apart from 
the dense venation, it is not possible to establish any close re¬ 
lationship lietween the venational plan of Euyercnn and that of 
primitive Hemiptera; although it might be admitted that such 
a connection may possibly have actually taken place in the 
course of evolution, between Eugereon and the most densely 
veined types of Fulgorufat, if the venation of the former had 
undergone a great deal of reduction and fusion of parts. That 
being so, it seems to me that the Protohemiptera aro best re¬ 
garded as a separate Order lying right off the main line of debcent 
of the Hemiptera proper; the connection between the two being 
only establishable through a lost Carboniferous ancestor common 
to both. 

The Palreohemiptera, on the other hand, are so obviously 
Hemiptera, that there seems to be no point at ail in erecting a 
separate Order to contain them. Most of the Liassic fossils 
known are, in fact, definitely placed within the Homoptcra by 
H&udlirsch; and it is quite evident that they rightly belong 
there. Only the genus Dyamorpkoptila Brodie, is retained within 
the Palceohemiptera; and, as this is probably a fragment, wc 
may disregard it. Turning to the Permian fossils, we find two 
beautifully preserved wings, Scytinopt&'a kokeni Handl., and 
Proitxde hirsuta Koken, which are placed together iu the Order 
Palwohemiptera. The former, I would regard definitely as an 
Horaopterou; the latter most certainly combines the wing-char¬ 
acters of both Heteroptera and Hoinoptera, and could not well 
be placed in either Suborder without disregarding its evident 
affinity to the other. I propose, therefore, to sink Handlirsch's 
Order Palseohemiptera to the status of a Suborder within the 
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Order Hcmiptera, this 8ulx>rrier representing the original main 
stem of the Order, while the Heteroptera and Homoptfra repre¬ 
sent two distinct branches evolved from it. 

Let us now compare Proaboh (Text-fjg.21) with the restored 
wing of Dnnatania, with a view to the establishment of a more 
complete phylogeny of the Hetcropt^rtt 



Prodtofc hir n at a KoktMt, hemelytnm, after Handhrsch; ( * 2 IK 
Upper Penman, Kama River, Kufwia; », node. 

We notice, at once, that Dunaiania is much more definitely 
Heteropterous, in that it shows the distinction between coriuro 
and membrane much more plainly than Proabole does. More¬ 
over, the corium of Proabota is strongly pitted, while the mem¬ 
brane is smooth. Tn Dunaiania , both are strongly pitted, while, 
in Dunataniopai h, the coriuin is smooth and the membrane 
pitted. If, then, these genera had a common ancestor, it must 
have had a wing pitted all over, such as we find still preserved 
in many Homoptera. In most recent forms, the pits are swollen 
into tubercles, and no longer carry hairs; but there can be little 
doubt, from the nature of the pits in Dunatania f that, originally 
at any rate, they were the bases of insertion of macrotrichia. 
As we have already seen in the Protomecoptera, the macrotrichia 
were originally carried upon a dense meshwork of veinlets all 
over the wing. If, then, the wings of the Protohemiptera were 
also hairy, we are led to suggest that the true Hemiptera 
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diverged from them hv a reduction of the original meshwork, in 
the course of which the pits, or bases of insertion for the macro- 
tricliia, became seated upon the membrane of the wing, just as, 
in the Lepidoptera, the scales have appeared in a similar manner. 

The original pitted wing of the true llemiptera may Iks con¬ 
sidered to have given origin directly to the various wing-types 
still extant umengst the older families of recent Homoptera; the 
main developments in this latter Suborder are not to be found in 
the wing at all, but in the specialisation of the head and antenna?, 
and in the development of the power of leaping. In this con¬ 
nection, we should bear in mind that a number of Homoptera, 
especially in the Ctcadidfr, still show the dividing lme between 
corium and membrane. 

We have now to consider the origin of the Heteroptera. For 
this, we cannot take ProsboU itself as a starting point; but we 
must go back a little way beyond this type, and assume a closely 
similar ancestral form with a wing pitted all over. Keeping the 
main scheme of venation unaltered, we may now see the origin 
of the Heteroptera in a form in which the tendency of evolution 
in the basal half of the wing was towards suppression of the 
venation and hardening of the wing-membrane (with or without 
loss of the pits), while, in the distal half of the wing, the cross- 
veins of dense Fulgorid like venation still preserved in ProsboU 
become obsolete, and the remaining venation becomes greatly 
altered, in correlation with the differentiation of the dividing 
line between conuin and membrane. 

1 think that a very little consideration, aided by u comparison 
of the figures of ProsMe and Dunstania here given, must con¬ 
vince us that Dunutania represents a very typical immediate 
derivative from the hypothetical ancestor of ProsboU, from which 
we started in the preceding paragraph, along the lines there 
indicated as leading directly to the Heteropterous type. That 
is to say, Dnnstania , though not directly derivable from Pros- 
bole, is nevertheless closely related to it; but, while Prosbole 
itself cannot be accepted as having advanced along the line of 
the true Heteroptera, and must, therefore, be kept in a separate 
Suborder Palwohcniiptera, Dunstunia, on the other hand, has 
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advanced far enough to be considered a definite Heteropteron 
of a primitive type. 

Let ub now consider the very interesting question of the 
evolution of the dividing line between coriutn and membrane in 
the Suborder Heteroptera. Dumtania shows us this line in an 
exceedingly primitive condition. From it, we see that its 
anterior portion was originally composed of either branches of 
main veins, or cross-veins. But, as the main veins are all pro¬ 
ceeding more or less distad, it is, therefore, inevitable that these 
various parts should meet at different angles, as we see so de 
finitely shown in Dnnttania. 

The partB of the dividing line may be shown as follows, start¬ 
ing from the node or costal end (see Plato lix., fig. 15, and Text- 
figs 18-19):— 

A. Anterior Division, formed from cross-veins and branches 
of main veins: 

1. The node, formed from the fused C and Sc. 

2. Radial portion, formed from short parts of R, and R. 2I 

partially fused together. 

3. A short cross-vein connecting the radial portion with the 

median portion. 

4. Median portion, consisting of a swollen root on M, from 

which the three branches of M are given off. 

B. Posterior Division, consisting of a sinuous line crossing the 
wing more or less transversely, and not carrying either cross¬ 
veins or parts of mam veins: 

5. Medio-cubital portion, from the swollen root of M to Ou; 

the curvature of this part is concave to the coriuni. 

6 . Cubito-anal portion, from Cu to the antinode; the curva¬ 

ture of this part is slightly convex to the corium. 

In the evolution of such a type as a recent Lygaeid or Penta- 
tomid Bug, all these diverse parts have to become aligned and 
fused into one harmonious whole. Probably a careful study of 
existing types amongst the Heteroptera would reveal many traces 
of the method by which this change has been brought about. 

The other point of outstanding interest in the evolution of the 
Heterupterous heme! yiron is the development of the clavus, 
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which is correlated with the growth of the seutelluni. We are 
bound to assume that, in the original Hemiptera, the seutelluni 
was of more normal size than it now is; and, consequently, the 
wings were not so completely folded over one another distally as 
they now arc. In fact, we have to start from the normal type 
of Bcutellum and the roof-like position of holding the wings, still 
to be found in many Hornoptera of the present day. Krom this, 
a gradual enlargement of the scutellum, together with a close 
folding-down of the wings upon one another, leads us to the 
condition found in recent Heteroptera. Here the dividing line 
marks the limit of the portions of the wing that are folded upon 
one another; while the anal area, or clavus, borders the two pos¬ 
terior sides of the large triangular scutellum. Thus we have to 
correlate the length of the clavus with the size of the scutellum, 
the tendency being towards enlargement as evolution progresses. 
Since, in Dnmtaniapaia, there is no trace of a clavus in the pre¬ 
served part of the wing, and the same is 
true of Ptosbole , we have to conclude that 
both these forms had only a small or moder¬ 
ate-sized scutellum,.bordered by a corres¬ 
pondingly short clavus, or even, perhaps, 
by scarcely any claval area at all. 

As soon as the overlapping of the two 
distal parts of the wing, or membranes, lias 
l>een brought about, it will be clear that 
these two parts will in future act (while 
the insect is at rest) as one only; whereas 
the coria of the two wings remain separate. 

There will, therefore, be little tendency 
towards the thickening of the membrane 
at all, and the “ heteroptery” might be expected to advance 
more quickly than ever. The line of evolution would then 
culminate in forms having a thick corium, from which all traces 

• Diagram of a Shield-bug, family PtnioUamidtp, to show the five parts 
of the shield, viz., 1, the pronotum, pn\ 2, the scutellum, sc; 3 and 4, the 
right and Left oona, co\ and 5, the two completely overlapping membranes, 
mb, The olavus, cf, borders the scutellum on either side. 
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of venation had been eliminated, and a thin membrane, in which 
the veins were arranged more or less parallel to one another and 
to the wing-border. Probably the highest point reached by this 
line of evolution to-day is to be seen in the dominant family 
PentatomidWt in which the shield-shaped or “cut■infco-fiv6 ,, ap* 
jjearnnce of the insect becomes perfected, and is often enhanced 
by bizarre sculpture and brilliant colouration. Text-fig.22 shows 
the outline of such an insect, with the five separate areas of the 
shield-design named. 
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EXPLANATION OF PLATE *LIX. 
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allied Dun*taniujHiis (rta*sicu f u.g. el sp.; ( x 5). 
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membrane—Rs, radial sector scutellum—Sc, subcosta. 
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THE GEOLOGY AND PETROLOGY OF THE GREAT 
SERPENTINE BELT OF NEW SOUTH WALES. 

Part viii. This Extension ok this Great Serpentine Bist/r 

PROM TUB NlWDLK DISTRICT TO THK COAST. 

By W. N. Benson, B.A., D.Sc., F.G.S., Professor of Gkolo<;\ 
ANI> MlNKKALOUY IN THE UNIVERSITY OK OtAHO, N.Z., LATE 
Linnban Maclkay Fellow of tub Society in Gkolohy. 

(With one Text-figure). 

The previous parts published have described, in greater or less 
detail, the whole of the country along the Serpentine Belt, ex¬ 
tending from Warialda to Hanging Rock, a distance of nearly 
150 miles. Some facts, however, have been collected with regard 
to the further extension of the Belt, which may he wot thy of 
record before this series of papers is concluded. 

Somewhat to the west of the Serpeu tine-line, and ubout twelve 
miles south of Nundle, commences, on Wombramurra Creek, one 
of the largest masses of limestone in the State, which mass con¬ 
tinues for some miles across the Main Divide, at Crawney Pass, 
into the head of the Isis River. This has, as yet, been little 
studied. It was briefly described by Phillips, in 1875(1). Mr. 
Etheridge described a new coral therefrom, in 1898(2); and Mr. 
Dun, two years later, determined a large collection of fossils oh 
tained by Mr. Cullen (3). It was visited by the writer in 1910, 
and has recently been studied by Mr. Carne, and is to be de¬ 
scribed in his forthcoming account of the limestones of New 
South Wales(i). Very little is known of its stratigraphical re¬ 
lationships to the other Devonian rocks; it seems to occur among 
a series of banded cl ay stones like those of the upper portion of 
the Tamworth Series, or evert of the Barraba Series, though, as 
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pointed out in previous papers, the lithology of the Tamworth 
Series is not very constant, and the chertv facies is more marked 



in the Tam worth-Nundle region than elsewhere. The following 
fossils were found to be present in this limestone, the letters M., 
and N. indicating whether the forms are also present in the 
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Moore Greek, Loomber&h, or Neraingha horizons respectively. 


Favosites gothlandica ... 

M., N. 

F t bascdtxca var. moonbiensin ... 

N. 

salebrosa . 

M., N. 

F, multitabulata 

Ml, L., N. 

A Strorn&toporoid 

M., L., N. 

Dxphyphyllum porte ri ... 

M., L., N. 

D. sp.nov. 


*Sanidophyllum davidis 

M., N. (rare). 

TryplasmOy sp.nov. 

M.f, L.1, N.t 

* Spongopkyllnm giganteum 

M. 

* A ctinocystis cornu bo vis 

M. 

Cyathophyllum sp. 

L.T 

Cystxphyllnm ausfralasxcum ... 

U 

* Mxcroplasma paralielnm 

M. 

Heliolites porosa 

M., L., N. (rare). 

*Syringopora auloporoide* 

M. 

Litophyllum konincki . 

M., L., N. 

Alveolites sp. 

M.t, N.t 

Endophyllum echlueteri. 


Atrypa sp. 

M.t, N.? 

Euomphalus sp. . 

M.l 


The association of the species marked with an asterisk, and 
the abundance of Heliolitee are features very characteristic of 
the Moore Creek limestone, with which the great development 
of pure grey or white limestone also accords. The absence of 
the great abundance of Stromatoporoids, or Fentameroid shells, 
or of the signs of shallow water, distinguishes this from the 
Loomberah Limestone; and the want of association with frag¬ 
mental igneous rocks, or with banded cherts, separates it from 
the Nemingha Limestone. It seems permissible, therefore, to 
correlate it with the Moore Creek Limestone. 

East from here, across the Main Divide, the Serpentine Belt 
extends across the headwaters of the Manning River, through 
extremely rugged and broken country. It is the deeply dissected 
remnant of a plateau, over which extends a widespread series of 
more or less alkaline basic rocks, which were described by Mr. 
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Andrews, at the head of the Hunter and Manning Rivers, as 
being of two types, “one, a holocrystalline rock with large augite 
crystals so abundantly scattered throughout its mass as to obtain 
for it locally the name of ‘plum-pudding stone.’ Other types 
found there are dense, fine-grained, vesicular oli vine-basal ts”(fl). 
The writer has shown that, among these, are to be found 
various types of basalt, basanite, dolerite, essexite, teschenite, 
and theralite, with sometimes an abundance of nepheline(8, 7). 
Indeed, there is un assemblage of basic rocks quite analogous to 
those of the Bohemian Mittelgebirge, which Becke described as 
a typical instance of an assemblage of Atlantic rocks. The 
shapely cone of Wombramurra Peak, a few miles east of the 
Pass, was not visited by the writer, but ib very analogous to the 
conical Gr&giu Peak near Dclungra, Wanalda, which Mr. Carnc 
believes to be a centre of intrusion, and in which Mr. Card found 
olivine-dolerite. Mount Jellore, near Mittagong, 80 miles N.W. 
of Sydney, may possibly be of a like nature. 

Serpentine occurs on this lino at the Harry, at the head of the 
Barnard River, twelve miles distant from Nundle, and was here 
observed by Mr. Andrews, who remarked on the association with 
it of “diorites and basic rock-types,” probably dolerites, and 
spilites(8). Mr. Longrigan, of the Barry, informed the writer 
of the occurrence of limestone east(1) of the serpentine on his 
property; and Mr. Stonier records the finding of Favositea in 
limestone on the Pigna Barney River, two miles above its junc¬ 
tion with the Manning (9). Serpentine occurs again at Glenrock, 
some twenty-five miles south-east of Nundle (8), and local pros¬ 
pectors say that it is also present at the old “ Polly Fogal ” 
Diggings, which are not marked on any inap, but are stated to 
l>e sixty miles east from Scone, and forty south-east of Nundle. 
An analysis of chromite obtained from here has been recorded (10). 
This must be near the Curracaback River, which is crossed by 
the serpentine (8). 

North-east from this line, serpentine has been recorded from 
Nowendoc(S), doubtless among rocks of the Eastern Series, and 
will $hus probably be on or near a line extending from the belt 
of serpentine recorded by Stonier (11), which extends from near 
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Dungowan Creek, at a point al»out six miles south east of Dun- 
go wan township, across to the Mulla Creek, east of Moonbi. At 
the south end of this, the writer found antigoritic serpentine, 
an<l various intrusive doleritic rocks. A further northern con¬ 
tinuation of this beyond the Moonbi granite is, perhaps, to be 
seen in the serpentine which occurs (fide D. A. Porter) near the 
head of Moore Creek, from which a nickeliferous opal was ob 
tained(tt). 

Further to the south-east, Mr. Bussmilch and the writer(13) 
have observed the occurrence of serpentine at Mi. George, 
on the Manning ltiver, and have remarked on the presence 
of the same rock at Glen Lewis, five miles to the north of 
this spot, and at Bow Bow near Tinonee, south of the Manning 
River, twelve miles to the south-east of the last-mentioned oc¬ 
currence. This last record, we owe to Mr. Card, who received 
specimens therefrom. Between this group of intrusions of ser¬ 
pentine and Gloucester, to the south-west, there is a great dc 
velopment of Middle and Upper Devonian ami Lower Carboni¬ 
ferous rocks, extremely like those in the areas to the north, 
described in the preceding parts of this series. The strike is 
generally N.W.-S.K , with a S.W. dip. In the Middle Devonian 
lieds there is an immense development of spilite with pillow- 
structure, rising to form Kangat Mountain. The geology is 
further complicated by the presence of an irifaulted outlier of 
Permo-Carboniferous rocks, perhaps analogous to that recorded 
from the Nundle district(14). What exactly is the relationship 
of this district to those further to the north, has yet to be dis¬ 
covered. It lies rather too far to the east to be in the direct 
continuation of the main Berpentine-line, unless (as is quite pos¬ 
sible) the direction of that line has been bent to the K.B.E. in 
the Manning River valley. In the absence of such a deflection, 
it may be suggested that the George Town serpentine is a con¬ 
tinuation of the Mulla-Nowendoc line of intrusions, and that 
the southerly continuation of the main Berpentine-line is indi¬ 
cated by the serpentine and chromite, which occurs near Barring- 
ton(lft), and the serpentine recorded by Mr. Andrews, on the 
Myall River(8). If this be so, however, the Carboniferous and 
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Devonian rocks of this region Are so remarkably little altered, 
for rocks east of the main Serpen tine-line, as to indicate some¬ 
what different conditions from those whicli have prevailed in 
the districts north of Nundle. In either case, it is probable 
that the Serpentine-line will eventually be traced from Nundle 
down to the coast, thus adding another hundred miles to the 
hundred and fifty already mapped, and thus forming one of the 
most continuous structural lines in the State, 

A few words may be given with respect to the serpentines of 
Fort Macquarie, which were described by Mr. Carne(16), In 
this region, the predominant strike is to the N .N ,E. It has been 
suggested that the serpentines here lie on the same line as those 
of the Great Serpentine Belt, which has swung round from the 
S S.E. to the S.E., and eventually into the N.N.E direction, 
and thence swings further round to include the serpentines of 
the Clarence River, recorded by Professor David and others(17). 
The Serpentine-line, on this hypothesis, forms a discontinuous 
ring about the strongly compressed Permo-Carboniferous rocks 
and the great granitic masses of north-eastern New South 
Wales(iS). The writer has pointed out, however, that the pre¬ 
sence of a N.W. to N.N.W. strike so close to the coast as the 
Gloucester District renders this suggestion improbable, and in¬ 
dicates rather that the Port Macquarie N.N.E. line of strike is 
more likely to be on a virgation passing off from the main N.N, W. 
direction. Several such virgations have been noted between 
Bingara and Nundle, notably at Mundowey on the Namoi 
River(iO), though they have not been traced into a greater 
divergence from the main direction than a N.-S, line of strike. 
Such an hypothesis, however, involvesa much simpler distribution 
of folding-forces than that necessary to explain the discontinu¬ 
ous ring of intrusions, though the latter would not be entirely 
without analogies. A comparison, though an extremely strained 
one, might be made with the discontinuous line of serpentine- 
intrusions around the Central Granite of the Austrian Tyrol, but 
it is very doubtful whether such a comparison would indicate 
any real analogy, so diverse are the other features in the two 
areas (see 20). 
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THE STEMS OF CLIMBING PLANTS. 

By John Shirley, I) Sr., and C. A. Lambert. 

(Plates lx.-lxvi.). 

In botanical excursions with the Field Naturalists' Club or 
Royal Society, it has been a constant source of interest that 
climbing plants of the Orders Bignoniaceee and Menispermacea* 
could be partly determined by studying the cut ends of their 
stems. This determination extended only to the Order, and not 
io the genus or species. Tn Bignoniacute, the determining factor 
was the arrangement of the lust in four masses, or in multiples 
of four, each mass usually presenting rectangular outlines in 
transverse section. Tn Menispermuceie, the rays of wood and 
bast have usually a stellate arrangement, the \ascular bundles 
being separated by broad, multisenate medullary rays, which, in 
transverse sections of the stem, appear club-shaped from dilation 
of the last-formed cells. 

To test whether similar peculiarities marked the structure of 
climbing plants of other Orders, some ‘fifty-three steins were 
sectioned, and their slides photographed by my colleague, Mr. 
C. A. Lambert. 

Lib t of Species examined. 

Acantiiacrjb.— Thnnbergia yrandijlora Roxb., 1\ laurfolia 
Lindl. 

AMPBUDRjE. — Vtli* hypoylauca F.v.M., F. opaca F.v.M., V. 
slercuifolia F.v.M. 

Apocynaoka. — Bfptnmoniia yrandijtom Wall., Melodinu* acn- 
tijbru* F.v.M., Traehelospermum jaeminoide* Lindl. 

Ascdkpkdiace^.— Ci-ypto9tegia yrandijhra R.Br. 

Bignon 1 AC tUR. —Adenocalymma niiidum Mart., Biynonia Jfori- 
bunda H.B.tk K., B piuta Lindl., B. Tweediana Lindl., B, venuita 
Ker, Tecoma HUM F.v.M., T, jasminoide* Lindl. 
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Combkktacra3. — Qnisqnali* indica Koxb. 

Composite!. —Smecio (amt tides DC. 

CONVOLVULArE.*:. —ipomtra Hors full in* Hook. 

Cucijumtackae. — Bryonia fachnosn Linn. 

Leouminosas. — Ahrus precatoi-ins Litm. t Banhtma scandens 
Burin. ,( B . corymlm&a Ko\li ), flcm'n scandens Bcnth., Lathyvus 
odoratus Linn., Milletia australis F.v.M., M. viegaspunrna F.v M , 
Wistaria chinemis DC. 

Looaniace^.— Buddlf'ia madagascariensis Vahl. 

MaLPIQHIACRa: -Banisteria chrysophyUa Linn., JHptage Ma- 
dabfota Guertn , Stigmaphyllon jatruphejohum J usb. 

Mknispbumacka.— Carronxa multiscpaha F.v M , f^ynephwa 
jl foorii Miers, Stephania hernandirr/o/ia Walp. 

Nyctawne.e, - Bougainvillea lain ilia Hurt., Ji. Sanderiana 
v. variegata Hort., B . s}>cctahilis Juss. 

Pass? flour AS.— Bassiflora suberosa Linn. 

Pipbkacka?!.*— Piper niymm Linn. 

PoLYOONACKAi. — Antiyonon leplopus Hook. 

IIubiackac.' -Ctdosperninm paniatlahttn F.v.M. 

Solanacrao.— So/aw/m Wendlandii Hook f. 

Ukticace,*.— Ficus pumila Linn. 

Vkrbenacba. — Faradaya spleudida F.v.M., Petraa volubilis 
Linn. 

Aroidbas.^ Monster a acuminata C. Koch, Pothos aureus 
Linden. 

Flagbllaribjb .—Flayellaria indicti Linn. 

LiliackjE .—Asparagns racemosns Willd., Geitonoplesinm cymo - 
sum A. Cunn , Rhxpogonnm album H.Br., Smilaor australis ll.Br. 

OrciiidackjE. — Galeola cassythoides Keiehb, 

The study had not proceeded far, when it was seen that any 
grouping in Natural Orders was impossible, as similar character¬ 
istics were common to plants of many different families, especi¬ 
ally among Dicotyledons. It was necessary, therefore, to create 
classes, among which the stems could be distributed, and the 
following are submitted. 
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Subclass i, I )ICOT YLK1 M)N KH. 

1. Normales. —Thu stem shows a single cambium-ring, with 
the wood and bast of each bundle lying along the same radius, 
the exterior outlime of the bast approximating to a circle. 
Type, CfrlospeiTnum paniculatuni F.v.M. 

2. Chlastoxylon. —A single zone of cambium, with anomalous 
distribution of tissues in young stems into four rays, each of alter 
nating wood and bast, the bast reaching (a) partly to the pith, 
or ( b ) stopping short of it. Type 2 (a), Biynonnt Tweediana 
Lind]., 2(6), H. picta Lindl. 

3. Astroxylon —Normal cambium, with definite and continu¬ 
ous separation of fibro-vascular bundles by means of pluriseriate 
medullary rays, that present, in transverse section, a stellate 
arrangement Type, Carronia multisepalea F.v.M. 

4. Endophloia. - Besides the normal bast, a second develop¬ 
ment of bast occurs at the inner margin of the ring of vood, 
forming bicollateral bundles. Type, Bryonia laciniosa Linn. 

5. Exooyela —Besides the normal cambium-ring, new cam¬ 
bium-zones appear successively in centrifugal order. Type, 
Wistaria rhinenxis DC. 

6. Phlolocycla. --New zones of bast produced in each period 
of vegetation in centripetal order. Type, Vitis eterculi/oha 
F.v.M. 

7. Polycycla. —The oldest vascular bundles lie in the pith; 
outside the pith, a normal zone of wood and bast is formed, or 
alternating rings of wobd and bast may be formed. Type, Bou¬ 
gainvillea Bpectabihs Hort. 

Subclass ii. MONOCOTYLEDONES. 

1. Vulgares,—Possessing the usual rind, hard ground-p&ren- 
chyma, and scattered, closed bundles of the ordinary mono- 
cotyledon. 

2. AbnormaleS’ —Differing from the typical monocotyledonous 
stem in one or other of the above peculiarities. 

Subclass i. DICOTYLEDON K8 . 

1. Normales. —To this section belong Banieteria chi-yeojthylla 
L., Coeloepermum panicnlatum F.v.M., Cryptoetegia yrandiftora 
K.Br., Faradaya eplendida F.v.M., Hiptaye Madablota Qsertn., 
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Milletia australi* F.v.M., M, me (jasper ma F.V.M., Senecio tamoides 
IX’.i Solatium IVendtandii Hook, f., and 7 'ecotna jastninoides 
Lindl, etc., etc. 

(a.) Ccklospermum PA NICU LATUM F.v M. (Plate lx., fig.l).— 
Although this stem is normal in having a single ring of cambium, 
and in regard to the formation of secondary wood, the pith pre¬ 
sents peculiarities. It is made up of two elements; one, the 
ordinary pith-cell, containing starch: and the other, found mainly 
in the centre of the pith, a thick-walled, sclerotic cell. The 
latter form strands which do not extend to the circumference of 
the pith. They are akin to the gum-resin sacs, described by 
Karstcii'* in the allied genera, Cinchona and Ladenbcryia. 

(6.) Milletia australis F.v.M. (Plate lx., fig.2).—Although 
normal in the development of its cambium-ring, this stem shows 
some special features. The pith is of very largo cells, and, in 
transverse section, these seem to he radially arranged, forming 
conical masses. In the rays, the cells are elongated, and have 
not the usual hexagonal outline. The cambium-ring is very 
well defined, and, outside the bast, is a sclerenchymatous ring, 6 
to 8 cells in depth, with intervals in which are inserted a few, 
much larger, thinner-walled cells, evidently a transfusion-tissue. 
Sacs containing single crystals abound in the cortex, and others 
with much larger single crystals are scattered through the pith. 

Milletia megaspkuma F.v.M.—The arrangement of the pith 
is normal. The wood-vessels form radial rows, with largo masses 
of murally arranged wood-fibres between them. There is a thick 
sclerenchymatous ring outside the bast, with transfusion-tissue 
at intervals; but, in this species, the thin-walled cells are oval, 
and elongated along radii passing through the transfusion-tissue. 
A second, much narrower, sclerenchymatous ring separates the 
periderm from the cork. The medullary rays differ little, in a 
transverse section from the wood-parenchyma. 

(c.) Solanum Wendlandii Hook, f,, (Plate lxi., fig.3).—The 
central pith is of large cells. The ring of wood is very regular, 
the wood-fibres showing very even ranks, the cells increasing in 
size towards their inner boundary, and gradually merging in 

* Karateu, Die medio. China*linden Neu-Urenodas, Cea. lteitr., p.382. 
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those of the pith. Outside the bast is a ring of sclerencliymatous 
cells, that apparently acts as an endodermis also. The hark 
shows all the usual tissues excellently—phellodenn, phellogen, 
cork, and epidermis with cutin Scattered, sclerencliymatous 
elements are found also in the circumferential parts of the pith. 

2. Chiastoxylon, 

( a .) Bic.nonia Twkkoiana Lind!., (Plate Jxi, fig 4).- In trans¬ 
verse section, the pith is roughly square in outline, and a rect¬ 
angular ray of bast strikes the centre of each side of the square 
at right angles or nearly so. From the inner end of each bast 
ray, a small cone of wood (protoxylern) penetrates the pith to 
about one-sixth of its duuucter. The pith-cells are filled with 
starch-grains. The wood is continuous round the pith, hut forms 
a very narrow connecting band at the base of each bast-ray, near 
the protoxylem-masses already mentioned. The vcjssels occur in 
V-shapcd bands, which arc most definite near the bast. The 
wood-parenchyma forms irregular, radiate rows. The hast-rays 
project into the cortex at their circumferential limit, and pre¬ 
serve their shape as rectangular masses Their bast consists of 
alternating strips of hard and soft hast, the latter of more rows 
of elements. The bast rays are connected by a bust-ring sur¬ 
rounding the four masses of wood, and showing alternate strips 
of hard and soft bast, as in the rays. There is an incomplete 
circle of sclerenchyma within the phellogen, beyond which are 
6-7 tiers of cork-cells hounded by dead bark. 

\b.) Bignonia imct a Lindt., (Plate Ixii., fig.5). —The bast forms 
four square masses of five thin layers of hard bast, alternating 
with five broader layers of soft bast. Where these masses occur, 
the wood-tissues have about half their usual depth, and press on 
the central pith, giving it almost a square outline* The cambium 
is thick and definite. It is depressed at each of the bast-patches, 
so that the cambium-ring has a crenulated outline. On a circle 
outside the bast are a number of roughly elliptical masses of 
thick-walled sclerenchyma. A second narrow and almost com¬ 
plete ring of sclerenchyma, bounding the cork-cambium, is 
constructed of brick-shaped cells, whose cavities are almost 
obliterated. 



BY JOHN BHlKI.KY AND C. A LAMBERT, 


605 


3. AstPOxylon.— Type, Carronia multxsepalka F.v.M., (Plate 
Ixii, fig.6j.—The stele consists of a central pith, composed of 
very fine polygonal cells in which a few thick-walled ducts are 
inserted at irregular intervals Of wood and bast, there are 
about thirty fibro-vascular bundles, each showing six to eight 
large vessels, increasing in size, as usual, from the centre out¬ 
wards. Hordering the pith in each, is a cluster of mainly spiral 
vessel. Each medullary ray is well defined, and shows five to 
eight rows of brick-shaped cells, parting at the circumferential 
end to send, right and left, divisions round the separated bundles. 
The bast-masses are oval and well defined. They are Hanked 
outwardly by older bast-tissues, now changed into solerenehyma, 
to be finally cast off with the outer bark. The different layers 
of the bark are well defined, and the pbclloderm assumes a wavy 
outline, parallel to the outward curves of the various bundles. 

Lighter in colour Ilian the rest of the stele, the medullary rays 
present a stellate pattern on a freshly cut, transverse section of 
the stem. 

LEndophlola — Bryonia laciniosa Linn.,(Plate lxiii.,fig.7), — 
The development of the stem is apparently normal, hut the 
vascular bundles are bicollateral, having bast on l>otli inner and 
outer faces. The vessels of the xylein are unusually large for a 
young stem in its second year of development. A large pad of 
cork is seen on the side of tho stem that has flattened by pressure 
against the supporting plant. Very little pith is to he noted, 
and the cells of the medullary rays are peculiarly large and brood. 
There are signs of tho production of interfascicular hast from 
the sides of vascular bundles 

5. Exoeyela.— Wistaria chinknsis DC., (Plate lxiii., fig.8).— 
The medullary rays ore exceedingly well defined, usually of 2-6 
rows of radially elongated cells. At their outer extremities, the 
cells, lying in the hast, are of larger size. The cambium-ring is 
also clearly defined, and outside it are 6-8 ranks of thin-wu)led 
bast-cells. The older bast-cells, pushed out towards the circum¬ 
ference, have most of their cavities obliterated by internal thick¬ 
enings. The phellogen-ring is also well marked, and 3-5 layers 
of dead cells lie outside the cork. Cortex and pith show sacs 
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containing single, lozenge-shaped, octahedral crystals. The 
remains of a former cambium ring arc seen in the wood about 
one-third of tho distance from pith to cortex. A third cambium¬ 
ring is seen forming in the bast, from which additional rings of 
xylem and phloem will be created. 

6. Phloiocycla.-- Vitis stekcumfolja F.v.M., (Plate lxiv., fig. 
9). -The pith appears homogeneous The medullary rays, 2-8 
rows of radially arranged, brick-liko cells, contrast clearly with 
the murally arranged wood-fibres. The vessels are large, and 
evidently capable of division. The medullary rays are as well 
defined between the bast-masses as between the wedges of wood. 
They increase in size towards tho circumference of the transverse 
section, and take a clavatc outline. The bast is composed of 
8-10 rows of thin-walled cells, with a terminal, almost circular 
mass of sieve-tubes. Outside the stele, the remains of former 
bast-masses, now sclerotic, form a strengthening layer in the 
cortex. A few sacs containing raphides may be noted here and 
there; others contain single, larger, flattened crystals, and others, 
again, store starch-grains. 

7. Polycycla. 

(a) Bougainvillea hpectabilis Juss., (PI. lxiv., tig. 10).— The 
centre of the transverse section of the stem contains the largest 
vascular buudles, scattered through the pith. The xylem and 
phloem portions of each bundle are clearly defined, but the 
'cambium is usually marked by a scar, whore it has torn under 
the knife of the microtome. Outside these older and scattered 
bundles, is a clearly defined ring of two years’ growth of younger 
bundles, normally dicotyledonous in general appearance, but 
having alternate circles of wood, bast, wood, bast. Between any 
two bundles of the outer ring are well defined medullary rays; 
but, ut the interior end of each ray, the cells composing it become 
roughly polygonal, and merge into the pith-cells. When a new 
cambium appears, outside the last ring of bundles, the cells of 
the outer ends of the rays uuite round the outer extremity of 
each bundle, so as to isolate the ring previously formed by a 
definite wavy circle of parenchymatous tissue. The bast arising 
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from this latest-formed cambium consists of 6-8 rows of brick¬ 
like, tbin-walled cells, outside of which is a single-rowed circle 
of sclerenchyma. 

(A.) Bougainvillea lateritia Hort, (PiutelxV., fig. 11 ), differs 
little from H. sptctalriHs and Ji. Sandenana, except that numer¬ 
ous sacs containing cliiiorlionibic crystals—rap hides—are found 
in the periderm and pith. Where a bud is formed on the stem, 
the tissues entering the bud from the stele are full of these 
needle crystal sacs. 

(c.) Bougainvillea Sandkriana Hort., (Plate lxv , fig.12).— 
This section { x 90) shows the central ami first formed vascular 
bundles isolated in the pith, as in the case of its allies; and four 
annual /.ones of alternating wood, hast, and encircling medullary 
ray tissue. This last might bo taken for cambium, but is quite 
distinct in the character of the cells composing it, from that of 
the last formed cambium-ring Periderm, cork, and the dead 
cells of the outer bark are well shown. 

(<f.) Piper NIGRUM Linn., (PI. Lxvi., fig. 13).— The general struc¬ 
ture of this stem is similar to that of Bougainvillea. The first- 
formed set of bundles, seven in number, develops cambium within 
each bundle, but not between them. These bundles are further 
isolated by the growth of the pilh. Circumferentially, other 
cambium-tissues form, making a complete wavy ring, and give 
rise to a normally developed set of vascular bundles of the usual 
dicotyledonous arrangement. Lying in the pith, outside each 
of the original isolated bundles, is a ream-duct: and a larger one 
occupies the centre of the stem. Bounding the ontor, normal 
ring of vascular bundles on the inner side, is a complete wavy 
ring of sclerenchyma, of about six irregular rows of thickly 
strengthened, polygonal cells An indefinite ring of sclerenchyma, 
its cells elongated circumferentially, surrounds the outer ring of 
wood and bast. 

Htkphania hbbnandiafolia Walp.—In a first year’s shoot, 
there is a remarkable similarity between the colls of the pith, 
medullary rays, and periderm. As in Piper nigrum , the stele is 
bounded by a scolloped line, outside of which new cambiums 
arise, and new rings of wood and baBt are developed. 
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ii. MONOCOTYLEDONRS. 

1. Vulg&res.— To this section belong A spar ay us racemosus 
Willd., Flagcllaria indim Linn., Geifonoplesium cymosum A. 
Cunn., Hhipoyonum album H Br., and Smilax australis ll.Br , &c. 

2. Abnormales. —Galkola cassythuidks Reichb. f., (PI. Ixvi., 
fig.14).— In this leafless, climbing orchid, the bundles are numer¬ 
ous, and contain six large vessels, with a few smaller marking 
the protoxylem. In each vascular bundle there is a limited 
quantity of soft bast, and a few sieve-tubes. The ground-paren¬ 
chyma is formed of larger cells than usual, and these are massed 
round the bundles, forming bundle-sheaths. Tu transverse sec¬ 
tions of the stein, a roughly radiate arrangement of the cells of 
the ground-parenchyma is evident, in some sections showing four 
rays, in others with more and irregular rays. Numerous sacs 
containing r&phides are seen in the ground tissue. The contents 
of cells lying immediately within the bark show a brown dis¬ 
coloration; these are evidently attacked by a parasitic fungus, 
whose hyphte can he seen within the brown cells. 

Conclusion.— The whole of the abnormal stem-structures in 
climbing plants have, for their object, the free flow of elaborated 
sap in the bast-tissues, in Chiastoxylon, the stem so presses on 
the support as not to put pressure on the bast-masses; in 
Astroxylon, the broad medullary rays ensure the nutrition of 
the stele; in Hiptnge, Bryonia, and Solannm Wendlandii , a thick 
pad of elastic cork is developed on that*side of the stem subject 
to pressure, and so on. 


Reference letter*. —Unfit—■<*., Cambium—r.r., Cork-cambium—dEr., 
Cork—cr., A oryaUl—Protoxylvm—/ft., Fibro-viwculivr bundle—/i. f 
Hair— m.r. f Medullary ray— p. t Pith—/A, Phelloderm—r.d., Resin-duet 
—ry., (Fig.14), Three of the four ray» traversing the ground-parenohyma 
—Hderotio cells—Nclerenehyma—« v.h, (Fig. 14), Secondary vascular 
bundles— U n Transfufiion-tifimie—r., Vessels of wood— t\b. (Fig. 14), Vas¬ 
cular bundle with apparent bundle-sheath—*»., Wood— x (Fig.14), Tracer 
of fungal hyphte. 
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EXPLANATION OF PLATES LX.-LXVI. 

Plato lx. 

Fitf. b -T.S. CtrhvifienitttM jjarti* tt/afttm F.e. M.; (x 24). (I.Normalei]. 
Fijj.2 - T.S. MrfJet/a F.v.M.; (> 17). [I. Norm Alas). 

Plato lxi. 

Fix 3. T S. So/ft titan Wrudfondti Houk. f.; ( *00). [l.Normalei] 

Fig. 4. - T.S Htt/nvitrtt Ttretthttm Liwll ; ( x 17). |2 Chlaitoxylon]. 

Plato Ixii 

Ft^.a.- T.S fittfHonia petti LiihN. ; t x 23). |2.ChiAltOxylonl. 

Fix 0.- 1’ S. ('an on hi tnuJtisi fstJuf F.v.M.; ( - ) H>. [H.Altroxylon] 

Plato Ixiii. 

Fttf.7.— TS ib't/ontrt ludntofta Linn.; rk», cork-Iavera on aide facing sup- 
port; ( \ 23). [4. Endophloia], 

Fitf.K, —T.S. WiMtarm t'hnifH*!** IX’.; ( x40), [.'» Exooydal 

Plate lxiv. 

Fitf.O.—T.S. IVm Atnrnhj’olui F.v.M.; ( * 40). [fi.Phlolocycla] 

FiX. 10 'T.S. ttottyninrillm NjmvtahiH* .Tuhh. . nfc., pad ot cuik opposite 
xuppmting branch; ( 23). (7. Polyoyelft). 

Plate lxv. 

Fi^. * 1' -T.S. Houiffthii'HIca Ittferilta Hurt, ; ( a 00). [7. Polycycla]. 

Fi#. 12. -T.S. />. Savin 'mm v. vnrityatn Hurt. ; ( x 00). [7. PolycyolaJ. 

Plato lxvl 

Fix. 13. T.S utijmn) Lirm. ; (x 40). [7. Polycycla]. 

Fijr. 14. —T-H. (iaJpoln castythoirhn Reichh.; (xJ0). [Monocotyi.kdon : 

2. Abnormalea]. 
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ORDINARY MONTHLY MEETING 
OrroBKH 30th, 1918. 

Professor H. <4. Chapman, M.D., B.K., President, in the Chair. 

The President announced that the Council whs prepared to 
receive applications for four Linnean Macleay Fellowships, 
tenable for one year from April 1st, 1819, from qualified Candi¬ 
dates. Applications should he lodged with the Secretary, who 
would afford all necessary information to intending Candidates, 
not later than 30th November, 1918. 

The Donations and Exchanges received since the previous 
Monthly Meeting(25th September, 1918), amounting to 3 Vols., 
50 Parts or Nos., 11 Bulletins, l Report, 5 Pamphlets, uiu l 1 Map, 
received from 43 Societies, etc., were laid upon the table 

NOTKS AND KX III BITS, 

Mr. Fred Turner exhibited a specimen of a very iare plant, 
Trickininm corymbomm Gaud., var. jtarvifforn Rentb., from near 
Barringun, the only specimen he had seen in New South Wales. 

Mr. Froggatt showed specimens of an Indian wood-borer 
(Bostrychun taqualis Jud.) introduced in the wood of boxcs con¬ 
taining helmets; and likely to cause trouble unless looked after. 

Mr. E. Chee) exhibited specimens of two distinct forms of 
plants commonly known as “Cobblers' Pegs" (ISriyeron linifolius 
Willd.) showing the following characters(a) Plants witli 
lacinated, basal leaves, and narrow, linear, upper leaves; and with 
comparatively small flowers; the commonest form. ( b ) PJauts 
witli very large, basal leaves, more or less serrated or toothed; 
and wjth much larger flower-heads than in (a). The two forms 
had been noted for the past five years in gardens, and ou vacant 
laud at Wynyard Square and other places in the city and sub- 
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urban districts. He suggested that they were two distinct 
species, or it may be that one or other of the forms is heterozy¬ 
gous, Noth are easily distinguished from the “Canadian Flea- 
bane” (E. canadensis Linn.) found at Cmnulla, but comparatively 
rare in this State: us well as from A\ honat recently 

brought under notice by Mr. A. A. Hamilton, which is fairly 
common in New South AVales. — Also a series of seeds of “Soy 
Beans" {Glycine hispida ), which originated from a form known 
in the trade as “ Ebony Soy ’’ The mother-plant “ Ebony Soy,” 
is a black-seeded form, which had been cultivated for four years, 
and bad bred true. Jn the fifth year, one of the plants gave 
seeds of a greenish-yel!ow colour and distinctly green seeds in 
the same pods. This was distinguished under the name “Aus¬ 
tralia.” When seeds of “Australia” were sown, tlu* resultant 
F, plants gave seeds of the following colours (I) Plants with 
light brown pods, ami seeds similar to those of the parent. (2) 
Plants with daik brown pods, and seeds similar to those of the 
parent-. (3) Plants with dark pods, and black seeds. (4) Plants 
with ginger-coloured pods, and brown seeds. (5) Plants with 
brown pods, and dark brown seeds. When samples of the above 
were sown, the resultant plants (F„) gave the following results. 
No.l gave plants yielding greenish-yellow, black, brown, and 
green seeds similar to those of “Australia.” The seeds of No 2 
were similar to those of No.l. No.3 produced plants )ielding 
some brown seeds, and others with black seeds, the pods and 
seeds in both instances varying in colour and in the shape of the 
seeds of different plants. No.4 gave plants yielding all brown 
soeds. No.5 produced results similar to No.4. Home distinctly 
green seeds were separated from No.l, and sown sepaiatcly, and 
these yielded distinctly green-coloured seeds. The beha\iour of 
these plants is very similar to that noted in certain “French 
Beans ” (Phmeolus vulgaris), recorded in these Proceedings 1914, 
xxxix., p.160; and 1916, xli., p.19‘2. 

Hr. A. J. Turner exhibited a collection of Lepidoptera made 
on the journey across Canada, on his way back to Australia 
from England. 
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Dr. Tillyard showed a collection of Canadian Lacewings and 
Caddisflies, presented to him by Dr. A. J. Turner. Also a large 
Dragonfly (Petafura yignntm beach), picked up on the pavement 
outside the Society’s gate on the 25th inst., in an exhausted, hot 
otherwise uninjured condition - a stray from the Blue Mountains 
under the influence of westerly winds 

Professor H. (}. Chapman, on behalf of Miss M. Lilley and 
himself, exhibited some samples of yeast, on which observations 
hod been made on the rate of multiplication of the yeast cells, 
on the amount of sugar present, ami on the production of alcohol 
and carbon dioxide. The figures obtained showed that most of 
the growth of the yeast occurred before the decomposition of 
glucose into alcohol und carbonic acid gas. 
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THE RELATION BETWEEN THE FAT-CONTENT AND 
THE ELECTRICAL CONDUCTIVITY OF MILK. 

By H. 8 . Halcko Wakdlaw, D.Sc., Linvkan Maclray Fkllow 
OK THK SorfKTY IN PlI Y8lOLO«Y. 

( From the Physiological Laboratory of the University of Sydney.) 

Milk consists of water containing substances in solution, in 
the colloidal state, and in suspension. The electrical conduc¬ 
tivity of milk is due to the presence of ionised salts among the 
substances in solution. The colloidal and the suspended matter, 
the protein and the fat, do not contribute appreciably to the 
transport of electricity. These substances, in fact, depress the 
conductivity, for they displace a certain umount of conducting 
material. 

The effect of protein on the conductivity of inilk has been 
studied by .Jackson and Kothcra (1913). They removed the 
proteins from separated milk by dialysis, and found that each 
grain of protein in 100 rc. of the separated milk depressed the 
electrical conductivity by 2*76%. 

The effect of fat on the conductivity is shown by the figures 
given by Taylor (1913). He found, as an average of five ex¬ 
periments, that the removal of 0% of fat from milk caused an 
increase of electrical conductivity of 11 *4%. This increase of 
conductivity is more than twice as great as that which would be 
accounted for by the increased concentration of electrolyte due 
to the removal of the fat. The excess is ascribed by Taylor to 
the removal of the mechanical obstruction which the fatrglobules 
may offer to the movement of the ions. 

The object of the present work was to investigate more closely 
the relation between the fat-content of cows* milk and its elec¬ 
trical conductivity. 

4* 
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It has been found that, in a given sample of tnilk, the depres¬ 
sion of conductivity is directly proportional to the fnt-content: 
hut that, in different samples of milk, the removal of equal 
amounts of fat does not lead to equal increments of conductivity. 
Varioufi other properties of tin* milk have been examined in the 
endeavour to account for this difference between samples, but no 
definite correlation lias been found 

1. Relation between the fat-content of a sample of milk and its 
electrical conductivity . Mixtures of the same sample of milk 
with different percentages of fat were prepared by spinning the 
samples in a centrifuge to remove as much of the fat as possible, 
and mixing various proportions of the spun and the whole milk. 
The conductivities of these mixtures of known fat-content were 
determined. 

The percentages of fat in the spun and whole milk were de¬ 
termined by the Udse-Gottlicb method; the percentages of fat 

in the various mixtures were obtained bv calculation. The 

* 

results have errors of not more than 2%. 

The electrical conductivities were detcimined at 25“C , bv the 
K oh lrausch method; a Wolff’s Wheatstone-hridge was used, with 
a telephone as a null instrument The determinations were 
made in a conductivity-vessel provided with vertical electrodes. 
The measurements obtained were concordant to 0*5%. The 
details of these methods are given in a previous paper (Wardlaw, 
1917). 

As the effect of the fat on the conductivity is probably related 
more closely to the volume occupied than to the weight in a 
given quantity of milk, some preliminary determinations were 
made of the density of the fat in the samples examined; from 
these figures, the volumes can be calculated. 

The density of the milk-fat was calculated from the densities 
of the spun and the whole milk. The figures obtained are given 
in the accompanying Table. 
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TabLK i. 

ffrunity of Jut runortd from roirn milk hi/ Hpuminy. 


Sample 


Density of milk. 
Spun. I Whole. 

i. 


IVl rentage of fat 


Spun. 


Whole. 


Density of 
fat. 


3 

1*0312 

7 

1*0307 

s 

1*0308 

0 

1 *0300 

10 

10312 

11 

1 *0310 

12 

1 0303 

13 

1 *0308 

21 

Mean 

1*0317 


1*0349 , 

3*31 

1 *0347 

3*08 

1 *0332 

3*78 

1 *0340 

4*03 

1*0331 j 

3*80 

1 0331 

3*73 

1 *0347 

4*03 

1 0332 

3*70 

1*0331 

i 3-51 


i 


0*10 

i 0-983 

o*to 

1 0 038 

0-17 

1 0"923 

0*13 

0933 

0*18 

0-9-29 

0*17 

i 0-927 

0*17 

0-922 

OH) 

0-921 

0*13 

0 934 


0-929 


i 


The determinations of density were made as described in a 
previous paper (Wardlaw, he. cif.), water at 25°C. l>eing taken 
us standard. The results have an error of about 1 in 10,000. 

If the two errors are maximal and fall in opposite directions, 
the calculated density of the fut will have a possible error of 
about 2% The actual ^alues obtained, as shown atmve, have 
an extreme range of rather less than this, from 0 921 to 0-938, 
and the variation from the mean is less than 1%. 

The above results show that the densities of the fat removed 
hy spinning from the samples of milk examined varied between 
0-921 and 0 938; 0 93 has been taken as the mean value in the 
subsequent calculations. ThiB value agrees well with that ob¬ 
tained by previous investigators (Fleiselimann, 1885). 

The following Table shows the percentages of fat and electrical 
conductivities (K) of various mixtures in whole and spun milk in 
the case of different samples, and the ratios of the decrements of 
conductivity to the corresponding increments of fat-content. 

Tf the decrement of conductivity is directly proportional to 
the increment of fat, these ratios will be constant for each 
sample of milk. 
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Table ii. 


Relation fotwet n etectricnJ contact uuty nnd fat-content of ituft ml ml 
mmfilef* of roit'M nitfk 


Sample. 

l*e» mil. 

. 


Dcdv mi flit 

UK v ltr 

ot fat 
hy vol. 

c*t‘ fut. 

h ' 10 J 

of K X HI » 

D.K*t. 

1 

3*75 

2*00 

4*72 

2*9 

. 

II 


3 42 

2*27 

4 70 

2*5 

1*1 


31* 

n»7 

4 79 

2*2 

1 1 


2*85 

1 70 

4*83 

7*8 

1*15 


2*60 

1 *45 

4*85 

1*0 

1*1 


2 38 

1*24 

4*8“ 

1*4 

1*1 


2*10 

1*04 

4 MS 

1*3 

1 23 


in 

0 

5*01 

O 


•) 

0*20 

0 

5*43 

0 



1*57 

1*28 

5*30 

1*3 

1*0 


2*05 

1*70 


1*8 

10 


2*45 

2*10 

5*23 

20 

0*93 


2*7« 

2*47 ! 

; 519 

2*4 

1 *05 


2*98 

2*09 

5*18 

2*3 

10 


3*59 

3*30 

3*15 

, 2*8 

0*85 


4*01 

3*72 | 

5*06 

! 3*7 

105 

0 

0*23 

0 

5*38 

1 

0 



1‘7H 

1 *55 

5*20 

1 1*2 

0*8 


2*42 

2*19 

5 20 

1*8 

0*85 


2'HO 

2*37 

I 5*18 

2*0 

0*8 


3*38 

3*15 | 

i 

! 5*15 

2*3 

075 

1 

7 

0*17 

0 

5*40 

! o 



1*03 

1*48 | 

5*28 

j 1*2 

0*8 


2*18 

201 

5*20 

j 1*4 

0*7 


3*02 

2*85 

5*20 

2*0 

0*7 


3*33 

3*35 

3*18 

2*2 

0*05 


4*28 

| 4*11 

5*10 

3*0 

0*7 


The values of K in this Table have a possible error 20 to 50 
times that of the corresponding measurements of conductivity. 
The above figures show that the ratio of decrement of conduc¬ 
tivity to increment of fat is constant to within the limit, of error 
of the determinations for the samples of milk examined. 

From these results, it will be seen that, for a givqp sample of 
milk, the depression of conductivity is directly proportional to 
the percentage of fat. 
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2 Relation between Jat content and conductivity of different 
samp! pa. —The above figures also indicate, however, that the 
depression of conductivity due to a given increase of fat-content 
is not the same for different specimens of milk. To confirm this 
observation, a number of determinations have been made of the 
percentage-decrease of conductivity of spun milk due to the 
addition of 1/ of fat These figures arc given in the last column 
of the following Table. 


Table m. 


!V vc* nttvj* diprtHMuH of i ft ct neat conductivity dm to tfn addition of I r.i*. 
of Jat to tit(fet ad mim/tfe* oj coh'h ttit/fc. 


Sample 

I 

1 

Percent, 
of fat 
| by vol. 

D.Kat. 

1 

D.K x 10 *. 

1 

l)K x 10"*. 

1)K% for 

1 c.c. fat. 

1 

3*73 

1 

! 

172 



1 

l*l.i 

2*00 

5 01 

2*9 

2*23 

2 \ 

4'0L 


.voo 




0"2« 

3‘72 

•>‘43 

3*7 

1*8 

3 

3*87 


4*84 

i 



0*19 

3 08 

3*10 

2*0 

1*3 

4 

4*1.1 

1 

3*07 

i 

I 



0*18 

| 3*97 

3*37 

3-0 i 

1*4 

5 

3 7K | 


3*10 




0*23 i 

3*55 

3*41 

31 i 

1*6.1 

« 

3*38 


5*13 




0*23 

3*15 

5*38 

2 3 j 

1 *33 

r* 

4 

4*28 ; 


3*10 




0*17 ] 

411 

3*40 

3*0 1 

1*33 

8 

4*00 | 


.VI1 

i 



0*18 ! 

3'88 

3*42 

3*1 i 

1*3 

0 

4*33 


3 07 

| 



0*10 

417 

3*37 

30 ; 

1*35 

10 

4*00 


5*08 

) 



0*10 

3 80 

5*44 

3*0 

1*7 

II 

4*01 


5*09 




0*18 

3‘83 

3*37 

2‘8 

! rsw 

12 

4*36 


5*03 

1 

1 


0*18 

4-17 

3*30 

3*1 

1 '4 

IB 

3*08 


3*07 




0*17 

3-81 

5*39 

3*2 

1*35 

14 

3*92 


5*08 




0*20 

3-7-2 

3*41 

3*3 

1*65 

>3 

3*84 


4*99 



i 

016 

3‘88 

3*35 

I 

3*6 

1*8 
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Tvria ui. — (voulnnmt) 


Sample. 

L'vracnt. 
of fat. 
hy vol. 

1). Kut. 

1). K 10 \ 

1).K It) *. 

M.Kfc »oi 

1 <fat 

10 

3*08 


5*05 




0*11 

3 81 

.V33 

2*8 

1 35 

17 

4*30 


5 02 




0*17 

411 

5*32 

; 3*0 

1 4 

IN 

370 


5*01 




017 

3*53 

5*42 

i il 

2 15 

19 

3*90 


5*21 

| 



0*15 

3*H1 

4 03 

j 2 H 

1 t 

20 

3*1*7 


5 HI 




tn -2 

3*85 

5*47 

3*1 

1*5 

21 

3*65 


5*37 




0*14 

3*51 

5*71 

3*4 

17 

22 

3*5!* 


5*43 




0 IS 

3*41 

5*72 

21* 

1 *5 

23 

3*80 


,V4t> 




0*15 

3 71 

583 

3*4 

1*0 

24 

3*70 


5.40 


i 


0*14 

3‘50 

5*83 

3*7 

1*8 

23 

3*80 


5*48 




0*15 

; 3 05 

5*85 

37 

175 

26 

til* 


5*51 




0*13 

3*07 

5*81* 

3*8 

1 *05 

27 

3*45 


5*88 




0*10 

3*29 

0*21 

3*3 

1*0 

28 

3181 


5*34 




0*15 

3*81 

5*67 

3*3 

1 *55 

211 

3*75 


5*50 




0*17 

3*58 

5 81 

3*1 

1*5 

30 

3*72 


5*48 

| 



0*10 

3*50 

5*78 

3*0 

1*45 

31 

3 '•>*> 


5*55 




0*10 

3*37 

5*89 

3*4 

17 

32 

3*67 


4*47 




0*10 

3*51 

5*81 

3*4 

1 *05 

Mean 





1 *58 


The figures in the above Table show that 1 e.c. of fat in 100 
c.c. of milk depresses the conductivity 2*3 to 1*3% of th^value 
for spun milk in the samples examined, the mean depression 
being 1 *58%* The effect of fat on the conductivity in these cases 
is thus 30 to 120% greater than can be accounted for by the 
amount of conducting material displaced. 
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It was thought that this variable effect upon the conductivity 
might be due iu some way to tho method of removal of the fat 
from the milk. The milk might bo concentrated slightly by 
evaporation during the process of spinning in the centrifuge. 
The conductivity of the spun nulk would then he greater than 
could be accounted for by the removal of the fat. Or, substances 
other than fat might be removed by spinning. In tins way also 
the electrolytes of the spun milk might become more concen¬ 
trated, and the effect of the removal of the fat would be ex- 
aggerated 

To test the first of the above suppositions, the conductivity 
of samples of milk which had been spun covered to prevent 
evaporation was compared with the conductivity of samples 
spun uncovered in the ordinary way. The results obtained are 
given below. 

fStectrical conductivity of milk after spinn ing xn covered and 
uncovered lube *. 


Sample. 


3 

4 


Conductivity. 


Covered. 

Uncovered 

5*08 

5‘08 

5*37 

.V35 

5*30 

1 5*40 


These results show that there is no appreciable increase of 
conductivity due to the concentration of the milk by evaporation 
during spinning. 

To test the second hypothosis, the amounts of total solid 
matter as well as of fat in the milk were determined. The 
following Table gives the weights of fat and of total solids in 
lOOc.c. of milk before spinning, and in the volume obtained 
after spinning (lOOc.c less volume of fat). 
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Taiii.k IV. 

H "nyhi* qf fnt and qf taint ttohd mnlHr in mat id /to m WOc r. c >J mdk 
hy Nftt nit tiiy nt n cent rtfitfft *. 


Sample. 

Kal in UHU-.u. 

Solid* in ICO e.r 

!wi from lOOe.e 

Solids, 

Whole. 

Spun. 

Whole. 

Spun. 

Y&\. 

Solids. 

Knt. 

s 

3 78 

o 17 

12 70 

8 91 

3*61 

• 3 79 

1 05 

0 

4 03 

0 15 

12 7b 

8*51 

3 88 

, 4*22 

1*09 

10 

3 80 

0 IS 

12*72 

9 07 

3*62 

8*65 

1*01 

11 

3 73 

0-17 

12 66 

8 04 

3 56 

3-72 

1 05 

12 

4*06 

0*17 

12 05 

S 82 

3 88 

4*13 

106 

13 

3*70 

0*16 

12-60 

8 0S 

3 54 

3*65 

1 03 

14 

3*65 

0*19 

12*68 

8-02 

! 3 46 

3 66 

1*06 

ir> 

3*67 

0 15 

12 88 

8'05 

' 3 42 

3 83 

1 12 

16 

3*70 

013 

12*72 

8-92 

3 57 

3*80 

1*06 

17 

4*08 

0 16 

13*00 

8'06 

3*82 

4*04 

1*06 

18 

3*44 

0 16 

12*39 

8-99 

3*28 

3*40 

1*04 

20 

3 SO 

0 11 

12 85 

9 00 

3*60 

3*85 

1 *04 

21 

8*39 

0*13 

12 40 

9 01 

3*26 

3 39 

1 04 

22 

3*44 

017 ' 

12 45 

9 09 

1 3*27 

3 36 

1*03 

23 

3*70 

0 u , 

12 72 

8 97 

3 56 

3 76 

1 05 

24 

3*54 

0 13 

12 56 

9 DO 

3*41 

3*66 

1*04 

26 

3*64 

0 14 

12 67 

9'06 

3 60 

3*52 

1*01 

26 

3*92 

0 12 

12*99 

900 

3*80 

3 99 

1*05 

27 

3 31 

0 15 

1*2 0i 

8-85 

, 3*16 

3*16 

1*00 

28 ! 

' 3*79 

0 14 1 

12 80 

8-86 

3*65 

3 94 

1 08 

20 

3*59 

0*16 

12*69 

9 08 

3*43 

3 51 

1 02 

80 

3 05 

015 

12*51 

9 00 

3 40 

3*51 | 

| 11)3 

31 

3*40 

015 , 

12 35 

896 

3*25 

3 39 

1*04 

32 

3 61 

0 15 , 

1 

12*57 

906 

3 36 

3*51 | 

105 

! 


The above figures show that a certain amount of material 
other than fat is removed from milk by spinning. This is the 
material adsorbed by, and adherent to, the fat-globules, and as 
would be expected from the rather indefinite nature of its asso¬ 
ciation with the fat, its amount is rather variable, ranging from 
12% to 1% of the weight of fat removed. If this material bo 
assumed to have the average density of the solids other than fat 
of milk, 1*6, then the volume occupied by it will be only 0*6 to 
7% of the total volume removed. This increase of volume is 
quite insufficient to account for the excess of the effect of the 
fat on the conductivity over the volume-effect (30-120%) 

3. Effect qf degree qf subdivision of /at.— It was thought that 
some light might be thrown on the variable effect of fat on the 
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conductivity of milk by examining the relation between this 
effect and the number of fat-globules in a given volume of fat. 

The effect of non-conducting suspended matter on the con¬ 
ductivity of electrolytes lias l>een studied by Oker-Blom (1900). 
He determined the conductivity of suspensions of sand in jellies 
marie up with salt solutions, and came to the conclusion that the 
size of the pai tides (between 2 and under 0*5 mm ) made no 
difference to their effect on the conductivity, but that the sand 
depressed the conductivity less when uniformly distributed 
through the jelly than when collected into one layer These 
conclusions are to a certain extent contradictory, however, as 
the difference between the first and second eases' is mainly 
one of aggregation. Further, the range of size of particles ex¬ 
amined in the first case was not very great. 

The sizes of the fat-particles even in one sample of milk vary 
enormously. Hut each sample contains a certain average size and 
number of particles in a given %’olume, and well defined differ¬ 
ences exist between the sizes and numbers for samples of different 
origin. Strippings, for instance, contain larger fat globules than 
first milk, and the milk of Jersey cows contains larger particles 
than the poorer milk of Shorthorn cows. 

The number of fat-globules ill the uiilk was counted by the 
method of Babcock (1886) as modified by Shaw and Ecklos 
(1909). One volume of milk is diluted to 50 with water. The 
mixture ifl drawn up into capillary tubes, the internal diameters 
of the tubes are measured, and the numbers of globules in a 
known length are counted. From the figures obtained, the 
numbers of globules in a known volume of the undiluted milk 
may be calculated. The measurements are made with an ocular 
micrometer. The workers quoted made the optic measurements 
with the capillaries immersed in glycerine. It was found in the 
present work, however, that owing to the differences lietweeu 
the refractive index of glycerine and that of glass, the values of 
the diameter of the capillaries measured in this way were too 
high. The present measurements, therefore, were made with 
the tubes immersed in a solution of chloral hydrate in glycerine 
(7:1). This solution has a refractive index of 1608, which is 
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very close to that of the glass used. The measurements were 
cheeked by weighing the amount of mercury contained in a 
known length of the tube, The accompanying figures show that 
the optical measurements of diameter agree well with those 
calculated from the weights. 



1 

I 

1 

! i 

i 

DmnicUi 

Tube, 

Weight of Hg j 

i 

length. 1 

fl(Mil weight. 

opl ical l.v. 

1 

1 ‘33 ing. 

13‘37 min. j 

0*007 mill. 

0*000 mm, 

2 

1 073 „ 

17*33 „ 

0*0743 ,, 

0 0733 „ 

3 

0*033 „ 

10*13 „ 

1 0*74 

0 07*2 „ 

4 

1-22 „ | 

i 

‘22-2 1 

1 0 071 „ 

0 072 „ 


These figures show that the results obtained by the two 
methods are concordant to within their limits of error. 

Tn the following Table are shown the ratios of percentage of 
fat to the percentage-decrease of conductivity, and the numbers 
of fat-globules in 1 cu.mm for different samples of cows* milk. 

Table v. 

Df'jtw of anMiWwoh of milk-fat and t(<* rjfeit on flu dirt nr* d fund art in ft/. 


i 

i 

Sample. j 

Kat in 100 o.c. 
T).K% for 

1 % fat. 

i 

l ( Jlolmlen per 
jeu. mm, milk x 10 • 

(JlolmleK per 
uii.mm. fat x 10"'. 

10 : 

1 36 

i 

1 1 92 

4*85 

20 

1 -36 

1 94 

4'86 

21 

1*71 

1*96 

5 40 

2*2 

1*44 

1*7*2 

4‘66 

23 ! 

1*53 

i 70 

4-fll 

34 

1*73 

1*08 

: 6*30 

25 ! 

1*60 

2 02 

1 5 17 

26 

1 5K 

IN9 

4 47 

27 , 

1 67 

*2*27 1 

1 6‘3K 

38 

1*40 

! 2*10 

5 15 

20 

1 46 

2 02 

5*22 

30 

1 *42 

1 ‘96 

500 

31 

1*66 

1*77 

4*84 

32 j 

1*62 

2*12 

i 

5*61 


As will be seen from the above figures, no simple relation ap 
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pears to exist, between the depression of conductivity due to I o c. 
of fat in 100 c e. of milk and the average number of globules 
into which this amount of fat is divided, or the average size of 
the globules. The degree of subdivision of the fat thus does not, 
seem to influence its effect on the conductivity in excess of the 
effect due to the volume displaced. 

4. The relation between the increase of viscosity due fn the fat 
of milk and its effect oh the electrical conductivity. -The electrical 
conductivity of a solution of electrolytes depends on the velocity 
ami concentration of its ions. One factor which determines the 
velocity of the ions is the resistance which the liquid of the 
solution opposes to their movement. In the case of aqueous 
solutions of salts only, this resistance is measured by the vis¬ 
cosity. In the case of systems which are not homogeneous, how¬ 
ever, the viscosity of the system as a whole is not a measure of 
the resistance offered to the passage of ions. The addition of 
gelatine to a salt solution, for example, may increase the vis¬ 
cosity enormously, while the resistance to the movement of ions, 
as measured by the conductivity, is hardly affected. The system 
is no longer homogeneous, but consists of two phases 

Milk is such a heterogeneous system, and contains at least 
three phases No simple relation is to be expected, therefore, 
lietween the viscosity of milk as a whole and its electrical con¬ 
ductivity. It was thought, however, that these two properties 
might be connected in some regular manner which would explain 
the disparity between the volume occupied by the fat of milk 
and its effect on the conductivity. 

In the following Table are shown the effect of the removal of 
measured amounts of fat on the conductivity and viscosity of 
milk. The viscosities were measured in an Ostwald viscosimeter 
at 26*0. The values given are those compared with water as 
unity. The results liave a maximum relative error of 1%. 
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Table vi. 

Kfftef nffttf on I'anibu'tirJty rttt*f n*ro*ift/ of milk. 


Sample 

\ 

I Jew emeu t Ii iw union 1 1 

Viwiwity. 

dk 

1 )Y% 

of fat. of K. 

Whole. 

Spun. 

DKat % ; 

; DKat",; 

*28 

.VU2 3 3 : 

1 *1M| 

1 *,M 

i:w ! 

MI7 

an 

3*mi 3M 

1*74 

1 \->9 

1 *3T» ] 

1 03 

30 

3*83 3 0 . 

1*84 

nu 

1 *32 

1 03 

31 

3*10 3*4 1 

1 *80 

1 

1 33 

i or. 

3 2 

3*01 3*4 j 

1*81 

1 Hi 

1-31 

1*03 


The above figures show that in these samples of milk a dc 
crime of 1 gin. of fat in 100 c.e. diminished the viscosity from 
3 to 7%. The corresponding increases of conductivity, however, 
are from 30 to 50% above the values due to the volume occupied 
by the fat. The diminution of viscosity is thus quite insufficient 
to account for the discrepancy between the volume occupied by 
the fat and its effect on the conductivity. It will be seen, too, 
that the increase of conductivity is not proportional to the de¬ 
crease of viscosity. 

These results also indicuto that, in the samples of milk ex¬ 
amined, the effect exerted on the conductivity by 1 % of fat by 
volume is as variable as the effect exerted on the conductivity, 
and does not show that constancy which Taylor ( loe . cit,) found 
in the samples examined by him. 

6. The behaviour of fat-globules in an electric field *—If the fat- 
globules of milk carry an electric charge, they may retard the 
movement of ions in their vicinity, and in this way be responsi¬ 
ble for the variable effect that fat exerts on the conductivity in 
addition to the effect due to the volume displaced. The attempt 
was made to observe whether the fat-globules were charged by 
placing milk in a shallow cell less thau 1 mm. deep, provided 
with platinum electrodes (('hick and Martin, 1912). A current 
was passed l>etweeu t|ie electrodes, and the fat-globuleB were 
watched under the microscope. No movement was observed 
with a fall of potential below about 3 volts per cm. With higher 
voltages, bubbles of gas were formed at the electrodes, and 
cansed movement of the globules mechanically. These experi¬ 
ments do not show conclusively that the fat-globules of milk 
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are not charged electrically They indicate, however, that any 
charge carried must be small; much smaller, for exumple, than 
that carried by the particles of a suspension of coagulated pro¬ 
tein, which show very evident movement in an electric field 
under conditions similar to those described 

Summary. 

(1) . Removal of fat from milk increases the electrical con¬ 
ductivity. 

(2) . Tn a given sample of milk, the increase of conductivity is 
directly proportional to the volume of fut removed 

(3) . The increase of conductivity duo to the removal of a gi\’€;n 
amount of fat is not the same, however, in different samples of 
milk. The average increase of conductivity due to the removal 
of 1% by volume of fat is 1-5%. 

In conclusion, J wish to express my indebtedness to Sir 
Thomas Anderson Stuart, in whose laboratory this work was 
done. 


REFERENCES. 

Ba im'Ock, —Ann, Hep. Now' York Agric. Expt. Station, IHH5, 293, 1880, 
Chick and Marti v.—Joum. «if Physiol., 45, 261, 1012. 

Flkismjh MAN'S. —Joum. f. Landwirts., 33, 251, 1885. Quoted in Sommer' 
fold's Handbuoh Her Milclikunde, 209, 19011. Wiesliarieii : Berg- 
nmim. 

Jackson and Rothera.—B ioohem. Joum., 8, 1 , 1914, 

Okkr-Buw.—A roli. f. d. ges. Physiol., 79, 510, 1900. 

Shaw and Eckels.—U.S. Dept, Agrio., Bur. Anim, Industry, Bui. Ill, 
1909. 

Taylok. —»Toum. Proo. Roy. Soo. N. S. Wales, 47, 174, 1913. 

Warolaw.— These Proceedings, 1917, xlii., 815. 



626 


THE PANOHPOTU COMPLEX. 

Pant 2. Thk Wing-Trichiation and its Relationship to the 
General Scheme of Venation. 

By U. .) Tillyakd, M.A., l)Kc\, F.L.S., F.E.S., Linnran 
Maclkay Fellow of the Society in Zoology. 

(Plates )x\ii. Ixix., and Text-figures 17-34). 

Tf we cut off a small portion of the wing of any archaic Holo- 
motalxdous Insect, such as, for instance, Archichaitf oxics guttijcrun 
Walk., (Text-fig.22) of the Order Meguloptera, and make n 
cleans I mount of it, we Rhall find that, when it is examiner! 
under a high power, lx>th veins and membrane of the wing an* 
covered with hairs. These hairs will Ik* seen to lie developed 
equally abundantly upon the uppor and under sides of the wing. 

This covering of hail's may lx* spoken of collectively as the 
Winy-trifhtatum. Though it is to lie found in all Orders of the 
Holometaholn, it does not occur in all Orders of Insects. It is* 
for instance, entirely absent from the wings of the Odonata. 

Generally speaking, there may be found upon the wing of any 
Holomotabolous Insect two typos of hairs, which I have already 
named microtrichia and tnacrotrichia respectively ( 5 ). These may 
lx; defined as follows:— 

Microtrichia (Or. /u*/>o«, small; and 0pi£, Tpix<k, a hair) are 
minute hairs, generally much curved or hooked, which are de. 
veloped in connection with every unspecialised hypoderm-cel) of 
Ixith upper and under surface of the wing. Hence they occur 
indiscriminately and exceedingly abundantly upon veins and 
membrane alike. Their bases of insertion appear as simple 
circular pits, in which, under a very high power, a central per* 
foration leading into a very small lumen in the interior of the 
hair can be made out. They vary in length from under 1/a to 
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about 30 / a , Imt in most cast's lit* between 10 /a anti ‘JO p. Similar 
hairs are frequently present upon the softer parts of the: body, 
as, for instance, on tin* aUlonnnal sutures and pleura*. (Text- 

fiK-17 d). 

Mnrrofrirhitt (Or. /auk/i/n, large; and tf/n£) are much larger 
and stronger hairs, much less abundant, and only developed from 
large speeialisod hypuderm-eells (triehogen cells) in connection 
with special nerve endings, They are thus of the nature of 
Hnntifhi'i and homologous with similar hairs on other parts of the 
body. Their bases of insertion are in the 
form of raised circular rings, enclosing an J . 

opening in the cuticle, w Inch is continued as * 

a very definite lumen within the hair, almost \ 

to its very tip. These hairs are almost uni- 
\ ersally present upon the main \eins and 
their branches, loss frequently upon the 
membrane of the wing, and only in very 
special cases upon the true cross-veins. In 
several Orders they become evolved, in cer- I i 1 

tain cases, by a process of flattening, into ^ ( 3 > # 

Hvcdf , H\ but tins development is only spasmodic • . 

except in the Order Ix*pidoptera, where scales ’ ** 

are fou nd uni venal ly. (Tex t-fig. 17, h t r, e,/). Tcvt -tig. 17. * 

Those macrotrichia found upon the veins 
are usually somewhat larger and stronger than those found upon 
the membrane, and both series may vary considerably in si/.e 
upon the same wing. In different insects, the limits of variation 
of these hairs may be placed at from 40/a to over 200/a. Text- 
fig. 17 shows two sets of fairly norma) hairs, one from Panorpa, 
and one f rom Rhyphn*. 

It is the purpose of this Part to study the evolution of the 
Wing-Trichiatiun in the various Orders of the Panorpoid Com¬ 
plex. As this is partly dependent upon the state of evolution of 

* Hairs from the wings of Pauorpa cou/umi Weatw., (o-c), and Rhyphux 
bttvi* Walk.* (</•/); a, d, miorotriohia; 6, e, maorotriohia from wing-mem¬ 
brane; c,/, ditto, from main veinn; (x373). 


Tevt-Hg. 17/ 
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the general plan of the wing-venation, it will be necessary, first 
of all, to define the composition of this venation somewhat more 
strictly than is usual. 

According to the well known, and by now generally accepted, 
theory of Comstock and Needham (14), the venation of an insects 
wing has been originally determined by the courses of the pre¬ 
cedent trachea?, which supply the growing wing-rudiment of the 
larva or nymph. From the six main trachea* that enter the 
growing wing, there are thus developed six main rein*, known 
as the cwifa f mbcogia, radius , media , vulntus and analitt , respect¬ 
ively. Some of these main veins may l>e branched; such primary 
branches are termed wtors. 

In the case of a main vein which branches and rebranches 
several times, it is clear that the final branchlcts may bo both 
very small and very numerous. I propose to term such branch- 
lets reinirts. They are to he distinguished from cross-veins (see 
below) by the fact that they are always preceded hy definite 
tracheae 

In contradistinction to a veinlet, T propose to I'estriet the term 
crMH-vein to a short connecting vein which does not form part of 
the branching system of any main vein, and is developed inde¬ 
pendently of the precedent tracheation. 

It should lx* clearly understood that there is no reason why 
such true cross-veins should not he developed upon any portion 
of a wing, and at any lime, provided the need for them arises. 
There is thus, in reality, no difference between true cross-veins 
and the so-called false cross-veins, which appear occasionally in 
newly-expanded areas of the wings of highly specialised genera; 
as, for instance, in the enlarged humeral area of the hindwing of 
Lasiocampa. The only difference between these newly formed 
cross-veins and those found in older wings is one of time; where 
the geological record is available to us, as in the case of the 
Psychopdda *, the rise of the true cross-veins from a similar origin 
is clearly indicated. 

In order to appreciate the difference between veinlets and 
cross-veins more clearly, I have figured the tracheation and cor- 
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responding venation of a portion of the costal area of the fore- 
wing of I’xyc/topHitt r fry ana Guerin, (Text-fig. IN), in which this 
difference is very clearly shown. It will Ik* seen that the branches 
pissing into the costal ami from the main sutieostftl vein (&c) 
ai*o all of the nature of rrinhts (»*#*/), since they aw all preceded 
by trachea*. These vein lets are, however, support'd hy true 
eriMtt-rrhtii (j*) f which have arisen independently of the trachca¬ 
tion, Also, the narrow areas between Sc, It, and Its are 
strengthened hy true croHH-rriiiH (.r). 

In the known fossils of the Pttyvh>pHifhv and allies, we find the 
costal vein lets present as in recent forms. But then* are no 
connecting cross-veins. Hence it is evident that these latter are 
a later development, called into existence hy the need for 
strengthening the enlarged costal area of the wing. 



Text-fig. 1ft. 

Portion of enlarged costal area of forewing of i’tyckapsis lUtfavn Gulr., 

( x27), with the corresponding trocheation (to the left) of the pupal 
wing, ( x 60). 0, costa; ct % trachea* preceding the costal veinlets; 

cN % costal veinlets; R, radius; Rs, radial sector; So, suheosta. 

Referring again to Text fig. 18, we notice a further difference 
between the veinlets and the cross-veins. The former, like the 
main veins of which they are branchiets, carry a regular 
series of macrotrichia, whereas the latter have no macrotrichia 
at all. This distinction holds throughout the whole of the 
Holometabola, with only two exceptions, vis., the Raphidioidea 
49 
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and the higher families of the Planipenniii, in which the mocro- 
triohia appear upon the cross-veins as well as on the veinlets. 

Having now clearly explained the difference between veinlets 
and cross-veins, let us now go hack to the most primitive fossil 
insects, and study the venational scheme that they present to un. 
In the oldest- known Orders, the Palccodictyoptera and their 
allies of the Upper Carboniferous, we find the same scheme of 
main veins as in recent insects. The spaces between these main 
veins and their branches are, however, filled up with an irregular 
meshwork of cellule's, quite unlike anything to lie ween in the 
Holoinetabola of to-day, though very probably homologous with 
the still-existing dense mesh work of cellules to lie found in certain 
Orders of HomUnetaboln, such as the Odonata. To this ariyiwtf 
menhwork of ceUvlrH, as developed in the Palieodietyoptera and 
their allies, I propose to give the name arokediotyon. A portion 
of a typical archedictyon is shown in Text-fig. 19. 



• Text-fig. 19. 

Portion of wing of the fossil Hyperme.gethe* tkucktrti Handl., (Order Palrco- 
diotyoptera), to show the arohediotyon; (nat. sine). 

It is here necessary to disabuse our minds at once of the idea, 
if it exists, that the dense venation found in certain Planipennia 
is an archedictyon. Practically all known fossils of this Order 
(Triassic, Liassic, and Jurassic) have either no or few cross- 
veins, and the spaces between their numerous main veins and 
branches are devoid of any meshwork. Further, the oldest types 
still extant, such as the Ptychopsida 1 , Ithonufa, etc., have no 
meshwork present; and it is demonstrable that the apparent 
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meshwork present in tin* newer families, such as the Mtfvntrfaiit- 
tUhv and Axeniayhithfy is to lie traced lwick to a simpler arrange¬ 
ment of numerous parallel sectors supported by cross-xeins at 
intervals. It is by the zigzagging of these sectors, and the eon* 
sequent production of numerous polygonal cellules, that n mesh- 
work appearance has lieen produced. 

The essential charaetc*rs of the original archedictyon, as we 
find it preserved in the Palimwlictyuptcni, an* its i rregularity, and 
the delicacy of the wnufe *{I use this term as distinct from vein- 
lets or cross-veins) that form it. Whether these first arose in 
connection with precedent fine trachea* in the wing-rudiment, or 
entirely independently of them, or perhaps partly in one way 
and partly in the other, we have now no sun* means of proving. 
We can only say that the irregularity of their courses, and the 
fact that, in one fossil at least, mac rot riel ii a have been found to 
exist upon them, strongly suggest a tracheal basis. 

It is now necessary to show the inter-relationship lietween tin* 
archedictyon proper, the veinletsaml cross-veins of the wing, and 
the trichiation. Fortunately all these arc pi'esorved together in 
the fossil Order Protomeeoptora, from the Trias of Ipswich, 
(Queensland. 

Plate Ixvii., figs.9-10, show' portions of the wing of AtvJnjnnurfxi 
maynijicn Till., the only known representative of this Order. 
Hen* we may see the archedictyon still complete, but evidently 
in a stage preparatory to becoming completely merged into the 
wing-membrane. The venules of the archedictyon are not de¬ 
finitely marked out, as in such fossils as Hypenneyethe* (Text-fig. 
19), but appear rather as simple ridges of the cuticle, not showing 
any definite venular structure. In many places, but chiefly clime 
to the main veins, and at the angles of the meshwork, there can 
be seen rounded or slightly oval tubercles, of a diameter con¬ 
siderably smaller than those seen upon the veins themselves, and, 
with few exceptions, less clearly preserved. These are evidently 
the bases of insertion of macrotrichia; but, partly owing to the 
weak development of the meshwork that carries them, and partly 
because they apparently lay more fiatly along the wing-surface, 
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their bases ftre not preserved as well as those on the veins, anti 
very rarely show the two concentric circles which characterise 
the base of a stiff’and, more upright bristle. In my original de¬ 
scription (8. PI. viii., fig.6), I gave a diagrammatic figure of a 
small portion of the archedictyou of this fossil, much enlarged, 

T now consider this figure to be somewhat misleading, in that it 
made the inacrotrichia of the mesh work appear as large and as 
clearly marked os those of the veins, whereas they are always 
smaller, and ill most parts of the wing more difficult to make out. 
ft will lx? readily seen from the photomicrographs that it is not 
an easy matter to give a correct drawing of this mesh work, and 
I think it bettor simply to give the photographs in this paper. 

So well is this fossil preserved, that f have been able to find, 
in several parts of the wing, by the use of cai*eful lighting, 
definite indications of the fine pitting due to the presence of 
microtrichift. Their bases of insertion are of about the same 
diameter as that of the average particle in the grain of the rock, 
viz., from 2 to 3/*. From a comparison with the microtrichia of 
Panorpa % we may therefore conclude that the length of these 
microtrichia was 40/a or more; ie. y considerably larger than any 
to be seen in existing Holouietabola. 

Measurements of the beautifully preserved bases of insertion 
of the inacrotrichia upon the main veins of this fossil show that 
the outer diameter of most of them lies between 30 and 40/a. 
This is much in excess of the Hize to be found in the wings of 
existing Orders, which seldom exceeds 10/x. Allowing some 
expansion due to the press ui-e upon the wing during fossilisation, 
it would still appear that this insect possessed inacrotrichia very 
much stouter and longer than any now known to exist; their 
probable length was between 300 and 400/a. The macrotrichia 
upon the archedictyon wore evidently smaller, and probably did 
not exceed 200/a, their bases of insertion averaging only 20/a. 

The cross-veins in the fossil are clearly seen to be developed as 
strong struts between the main veins, and are quite independent 
of the archedictyon. With the exception of one or two macro¬ 
trichia that appear to have strayed on to them from the latter, 
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they are found to lie quite free from these hairs. Hence they 
show no evidence whatever of having lieen develojied hy straight 
ening out of uny portion of the arehedictyon. If they had been 
m> dovelotiod, it is clem 1 that they must have earned maerotriehia, 
which they would receive- from the arebedietyon itself. 

It will In* seen, from the fossil Ar chi]Minor pi, that the macro- 
triehiu oeeurred originally only upon the main veins and their 
I>ranehes, including the true veinlets, and iqioii the arehedictyon. 
Cross-veins and ineinhmne of the wing arc alike free from them. 
When, however, the arehedictyon is absorbed into the tnemhrunc 
(as it is on the point of I icing, in this fossil), it is evident that 
the mac*rotrichm that originally oeeurred upon the arcliedictyon 
must then Ixjcome seated iqum the membrane. This will explain 
their appearance upon the membrane in many Orders of Holo- 
mctabola. But, if this explanation lie correct, then the arrange¬ 
ment of the maerotriehia might l hs expected to show some signs 
of the original design of the arehedictyon. If we draw the jxisi- 
tions of a number of maerotriehia in any of the older Holometa- 
liola, wo shall see that this is the ease. For this, it will onh be 
necessary to refer again to Text-fig.22, in which it will be seen 
that the maerotriehia lielow the main vein there figured tend to 
lie along oblique lines similar to the courses of the venules running 
out from the main veins in the fossil wing shown in Text-fig. 19; 
and, like them, are connected hy shorter croas bmnches, indicated 
by the presence of maerotriehia lying in intermediate positions. 
(See also Text-figs. 21, 26, 30, 31). 

Further evidence as to how the maerotriehia first appeared 
upon the membrane of the wing may lie obtained by a careful 
study of the pterostigmatic region in the Planipenuia. Text-fig. 
20 shows this region in Jificromnti l<wmani(ti Walk. The series 
of costal veinlets, that tills the costal space in all Planipennia, 
originally extended Into the pterostigmatic region. Here there 
is a gradual thickening of the membrane taking place, with a 
correspondingly gradual absorption of the veinlets; all stages of 
this process can still be scon going on by studying various species 
in the families Ilemerobiickz, Chrygopidm , and Mantispidaa. As 



634 


THE I'ANORPOlT) COMPLEX, li., 


thews veinluts carry macrotrichia, it will ho obvious tliat, as they 
disappear, the macrotrichia will lierome seated upon the mem¬ 
brane. 



Text-tig. 20. 

1 *Um< mtigmatio area of forewmg of Mtrvomus taamasm Walk., Hlmwitig 
ApliHfitoiivitrivooudition of the veinlels; ( \ 15). (!, ouhU; H, ladm*; 
St*., Hubuufita. 

Thus we see that the evidence both of the fossil Order Proto- 
inecoptera and of the 1 * 600)11 Planipennia agrees in pointing to 
the same conclusion: —Macrotrichia were uriginally carried only 
nptm the main veins and their branches, and nptm the archedietyon . 
they aj/jwar njxm the membrane by absorptum of the reinlets or 
venules, canyiny them , into the membrane of the winy. 

From this we come to the further conclusion that:— The 
presence of macrotrichia upon the membrane of wintjs of an open 
reined type (i.e., one which has no dose, meshuork of mnwwons 
veins) is to be regarded as evidence of the descent tf such forms 
from more densely veined form*. 

The process by which the archedietyon, or any series of vein- 
lets, becomes merged into the membrane, may lie termed aphan- 
tonenrism, and veins which are in process of disappearing in 
this manner may be called aphanlonearic. Jt is often possible 
to reconstruct the uphantoneuric meshwork, merely by plotting 
the positions of the macrotrichia ujioii the membrane, and join¬ 
ing them up into a polygonal meshwork. Text-fig.21 shows a 
reconstruction of a small portion of the aphautoneuric meshwork 
of the Hawk-moth Catquosa triangularis Don. 

Having now explained how the Wing-trichiation is connected 
with the venation in general, we may proceed to trace out the 
various lines of evolution within the Orders of the P&norpoid 
Complex. 
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Order PHOTOMECOPTEli A. (Plate lxvii., figs.9-10). 

Wc; have already desmhod nlio\e the condition of the trichi 
iitiim in the win*' of the Triassie fossil ArrhifMimtrfMi^ the only 
known representative of tins Order, 
ft will be seen that 

this w ing differs from all ; ;/ 

known Holometaholn at ' . •* v 


present existing in lia\ 
ing the archedietyon 
still present, upon all 
parts of the wing-mem¬ 
brane, in ail uplmnto 
nou ric comlition, and 
carrying maerotrichia 
upon it, mostly at the 
junctions of two or more 
venules. 

Further, it should bo 
noted that both macro- 
triohia and microtrichiu 




are considerably larger Text-fig.g),* 

in this fossil tlian in other Holoinetaliola. The tendency towards 
reduction in si/e can lie seen to lie operating independently in all 
Orders; it culminates, in the case of the micnitrichia, in their 
complete elimination from the wings of the higher families of the 
Planipeiuiiti and Ijepidoptem; and, in the case of the macrotri- 
chia, in a groat reduction in their number and shortening in their 
length, in the case of the Diptera and certain Mecoptem. 


Order MEGALOPTEKA. (Text-fig. 122). 

The most archaic members of this family exhibit a near ap¬ 
proach, in arrangement of the trichiation, to that seen in the 
Protomecoptera. We have selected the genus Arvhwhanlwdeu as 


• Arrangement of tlie luuea of insertion of the scales on a smalt portion 
of the wing of the Hawk-Moth Owqitomt triangufari* Don., to show the 
pattern of the lost arohediotyon; ( x50). 



636 


TUB PANOKPOlD COMPLEX, ii.. 


un illustration (Text-Jig. 22): it Udongs to the must archaic family 
VtrrydaTuht') of the Huliorder Hiuloidcu. 

The arrangement of the trirhiution differs from that of Arch i- 
jxmorjHi only in the complete loss of the arched iety on, ami in 
the smaller size of both muerutrichia and microtrichiu. As has 


Isseu already pointed out, if the macrolrichia on any area of this 
wing l»o plotted out, they will still show, by their jmsitioiiH on 
the membrane, the pattern of the lost arehedictyon. There is a 
well developed series of strong eross \eius supporting the main 

. . veins at wide intervals. 

«mv inaerutricliia. Hut 
tkM tin * vci.deU of the costal 
hk»«m1 round tin* margin 
of ^ wing all allow macro 




%v w»XVsxV tbe family AW?7/*r, Huh- 

onk ‘ r ,SiHloidu “. Htw - tt| - 
U, °" Kh Uie '» i «^t*icliia arc 
T** *?•sAlW,* •»'vJi ht present abundantly all 

ovorlta wing, yet the L- 
Text-fig. 22.* rotrichia have quite dis¬ 

appeared, except round the fringe of the wing, and on the ptero- 
stignmtio area. 

An advance in a different direction in to be seen in the Sub¬ 


order Kapliidioideu, of which the genus Kaphidia will serve as 
an example. Hero the microtrichia have completely disappeared, 
but the irregular thickening of the wiug-rnembrane remains as 


* Portion of a main vein and surrounding membrane from the wing of 
Archichauliodt* guttyema Walk., to show the triebiation} (x 100). 
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au indication of that disappearance. The macrotrichia lm\e also 
disap)K*arcd fiom the membrane, hut are still present oil the 
veins. As a high specialisation, only to he pitrulleh hI in the 
highest families of the Planipeimia, we note also tlmt the inaero- 
*vidua appear for the first time upon the true cmss-veins, thus 
rendering them indistinguishable fiom veinlets except hy the fact 
that tliey are not preceded by trachea* in the pupal wing. 

\Vt; may sum up the tendency of evolution of the trirhiutinii 
in this Order by saying that both i n ac rot rich iu ami microtrichin 
appear to have lieen, from the very first, of small size; and that, 
although the most archaic genera still show the original arrange' 
meat of the trichiution, preserved almost in full, yet induction 
set ill very early, leading to the loss of one or other series of 
hairs in all the higher types of the Older. 

The wiug'trichiation of the Archetype of this Oidei will Iki 
taken to be similar to that of the archaic genus Arrhiehauliotfc*, 
hut with hairs of somewhat larger size. 

Oriler PLAN FPKNK I A. (Text-figs. 20, 23, 21). 

The ohlesi known types of this Order show a wing-trichiation 
already specialised in certain directions. No traces of the arclie- 
dictyou are to lie found, and macrotrichia have, in every case, 
been eliminated from the membrane of the w'mg (Text-fig,23). 
This is easily understood, when we remetidier that the wing 
venation of the Older early underwent a unique specialisation, 
in the form of a rapid proliferation of sectors of the main veins, 
mid especially of the brandies of the radial sector. This pro¬ 
duced the “Pioheiuerobiid” type (Htill to be seen in recent l\t/ 
chops id<v) in which the whole of the wing is covered with minier- 
ous parallel longitudinal veins, with few or no cross-veins sup¬ 
porting them. In the very narmw spaces lietween these veins, 
it was clearly iin|>ossilile for the urdiedictyon to exist, and the 
macrotrichia upon it probably disappeared witli it. 

Starting, then, from a type having no macrotrichia upon the 
membrane of the wing, we find a further specialisation, in the 
higher families of this Older, in the complete elimination of the 
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inuTotriclim. Thus we may divide the Order into two groups, 
its follows: - - 

(1) . Tin* more archaic families, with mierotriehiit still present. 
These aiv the Ifhmtidtr , Jfnnt’wlnid<f\ iiihtndtv, Xisyndtr, (Urtnn- 

Pttyrhojtsidtfj Polyntwhvtidtr, and Oumy/idf*, 

(2) . The more H|»o(*m1ised families, with microtrichia absent. 
These are the 'Prichuntatidir, ffrrnth irfrr, Chry#uyid<r, A^hrynld^^ 
Mantiapldtr^ Xyntyhidtr, Xpmi>pftrid<r , Afyrmdroutidtp, and A nr it 
fayhtda'. 



TrxL-lig.^.'i, 

Pod ion ot a mam vein ami hiii rounding membrane hum the wiugot Mhro* 
tint* faumtHttr Walk., to show the Iriclituhnn: ( ^ *200). 

In the first group, inaerotriehia are never found upon the true 
cross veins. In the second, we find in the Trirhtimttfiifo and 
Hmithidste forms showing the pissage of the macmtrichia from 
the main veins on to the cross-veins. For instance, in the genus 
Stmubirffa, the cross veins remain without macrotrichia, as in the 
first group. In S^rmophtn^Kii , one or two isolated inaerotriehia 
may be found ujam most of the cross-veins. In 7Vic/wma, then* 
is an intense proliferation of macrotrichia ii|M>n the main veins; 
and they overflow, not only on to the cross-veins, but also, in 
some places, even on to the inembrune, itself. As this genus is 
evidently specialised in its excessive hairiness, there can be little 
doubt that this latter occurrence is in the nature of a ctenogenetie 
development, and is not to be considered as an archaic survival 
of macrotrichia from an original archedictyon. 
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Apart from the Wo families deult witli in the preceding jmia 
graph, all Uionu listed in the second group have the nwierol richia 
well developed upon the cross veins. 

Another interesting specialisation in this Order is the (level 
opinenl of wvr/w, which occur in the family fomthidtv They 
occur u[K>n a more or less resti icteil area of the hiudwing, in the 
females only, of the “onus SpmHi>pfan'A1a (Text-Jig. 2 I ), and ii|>on 


the fringe of the wing in the genus 
Ittoitivliptrrou. They arc clearly only 
modified inacrotriehia. 

The Archetype of this Order, then, 
may be defined as having had the 
archedietyou uud its nlacrotrieliia com¬ 
pletely eliininatcx], owing to the unique 
specialisation of the venation; the 
inacrotriehia, consequently, only oc¬ 
curring on the maiu veins and their 
branches, but well developed: and the 
inicrotrichia also present and of normal 
sixe. From this original type, the line 
of evolution runs forward in the direc¬ 
tion of complete elimination of the 
inicrotrichia, with subsequent invasion 
of the cross-veins by the inacrotriehia, 



Text-tig, 24.* 


and with Uie occasional formation of scales (in two cast's only). 


Older M KCOPTEK A. (Toxt-fig.25). 

In this Older, inicrotrichia ure always exceedingly well de¬ 
veloped all over the wing. Macmtrichiu are found upon the 
main veins and their brunches, but never upon the trim cross- 
veins. The archedietyou has been completely eliminated, but its 
macrotrichiu still persist iqM>u the wing iuembraue. (Text-fig.25). 
Owing, however, to the small viiuuIhu 1 of inacrotriehia that can 

• Portion of a main vein from middle of bind wing of S^nnophordht 
dvmminatu Till., 9 » showing normal maorotriohia interspersed with seed- 
like soales; (x 90). 
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lx % accommodated in the somewhat narrow spaces lx*tween the 
nmin wins, the original pattern of the arehedictyon tends to 
become lent, and the macrotridiia of the membrane tend to 
become arranged in regular sets occupying the central part of 
any dosed area of the wing. 

The line of evolution in thin Order In towards a gradual 
elimination of the mac rot rich ia from the membrane of the wing, 
and a reduction in their size elsewhere. In the most archaic 
families, such as Mmyridw (Text-fig. 2f>) and /7m/vV/rfrc (Plate 
Ixix., fig.lfi), them) hairs are still to lie found upon the membrane, 
ill almost every part of the wing, fn the we may 

sec the stages of gradual elimination from the basal areas of the 



Tejci-fig.25, 

A single am>lu from the wing ot i Mrroflt tuhtr Newm.. U> show the trichn 
ation; ( x 100). Note the almonoe of m&crotriohia from the two 
ui'OHs-veiiiH bounding the ftroole. 

wing, while those left in the more distal areas liecoine, for the, 
most part, very regularly arranged in rows parallel to the main 
veins. In the Namiwlmristiii re, we see a further stage of reduc¬ 
tion reached, the niaerotriehia lieing here entirely absent from 
the membrane of the hindwing; while, in the forewing, they only 
remain upon the anterior portion of the pterostigma. Finally, 
in the highly specialised HiUaeidt^ all the inacrotriohia have 
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disappeared from the membrane, while those left upon the main 
veins liave become short, stout spines, resembling those found in 
many Diptera. 

As the true cross-veins are always weakly chitinised, and 
entirely free from macrotrichin m this Order, we have, in the 
marrotnchiil., a valuable aid in the tracing out of the courses of 
the mam \cins In many genera, the extreme base of (*», is 
sharply l>ent up to join M not far from its origin, and so takes 
on the appearance of a cross vein. Hut the true nature of this 
vein is still proclaimed by the presence of well-developed macro- 
Irichia upon il. 

To sum up, then, we may characterise the Archetype of this 
Order am differing from that of tin* Prutomecoptora only in the 
complete loss of the archedietyon. While the mierntrichia remain 
constant throughout the course of evolution, the macrotriehia 
undergo a gradual reduction in size and number. 

Order DIPTERA. 

(Plate Ixviii., fig. 12; Plate lxix„ fig. 14, and Text figs.2(5-29). 

Wc take this Order next, since it appears to U*, on the evidence 
of the wing-trichifttion, a direct evolutionary derivative from the 
base of the Order Mecoptcm. 

Throughout the Order, microtrichia an* present upon the wing, 
Macrotriehia are to be found upon the main veins and their 
blanches; they tend to become reduced both in size and number. 
Tn only one family that I have examined are macrotriehia to be 
found upon the membrane, v iz., in the Rhyphida 1 (Plate Ixviii., 
fig. 12, and Text-fig.26). Tn this family, the structure and size 
of the macrotriehia aro closely similar to those of the older 
Mecoptera. The arrangement of the macrotriehia upon the wing- 
membrane, however, shows the pattern of the archedictyon much 
more definitely than in any existing Mecopteron; so that, on this 
character, the Rhyphidct can only be derived from a very early 
form of Mecopteron, if they are to be derived from that Order 
at all. In this connection, it is interesting to noto that the 
family Rhyphidm combines within itself characters of both the 
Nemocera and Brachycera. This accords well with the condition 
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of the wing-triehiation; and the two characters taken together 
suggest that this family represents one of the most arehaie types 
of l>ipteroii still existing. 4 



Text-fig. 26. 

Poition of two main veins and the inolurled membrane from the wing of 
Hhyphut* hrm* Walk., to show the tnchmtinn; ( x 130). (See also 
Plate Ixviii., tig. 12). 

From the type of trichiation still existing in th o Jthyphidcr, all 
other types to be found within the Order are derivable, by 
elimination of the inacrotrichin from the wing-membrane. Then* 
are, however, two distinct linos of evolution to he traced, in one 
of which the mocrotrichia tend to become slender and elongated, 
and finally develop into scales; while, in the other, they tend to 
become short and stout spines, and also become gradually 
eliminated from all except the anterior veins and costal border 
of the wing. 

Ah conspicuous examples of the first line of evolution, we may 
take the Moth Midges or Paychodidm (Text-fig. 27). Hera we 
see the macrotrichia os slender hairs abundantly present upon 

* In this connection, it should be noted that the short vein usually con¬ 
sidered as a cross-vein connecting Cu, with M« in Hhyphn* is really tlu* 
basal piece of M 4 , since it carries mocrotrichia, On the other liand, the 
vein below it, usually considered to be the basal portion of Cu,, is a true 
oross-vein and came* no maurotrichm. 
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all the main veins and their hmnehoH. Here ami theiv these 
hairs are seen to be slightly flattened out, forming delicate and 
narrowly lanceolate scales. The culmination of this same line of 




Text-Hg.27. 

Two portioiiN of a single main iciti from the wing of «p , 

(Hornsby t N.S.W.), to show the tnehiation Oil the left, normal 
macrotnohm, one or two slightly flattened; on the right (distal end 
of vein), narrow lanceolate softies; ( x 373). 

evolution in to be found in the (JvHrAtf tr (Text-fig. 28), in which 
all the macrotriehia, even those along the wing-border, liave 
become wales; and these scales, in most cases, are of broad form 
and specialised sculpture. 

Along the second line of evolution, which has Ixjoji followed 
by many families of Nemocera, and also by the whole series of 
the Brachyoera and Cyclorrlmpha, we can follow out the gradual 
elimination of the macrotriehia, through such forms as the 
Tnhauidtr, where they are still present in large numbers on the 
mure anterior veins of the wing, to the higher Cydorrhapha, 
when* they finally cease to exist any where except upon the costal 
iKutler of the wing. Text-fig.*29 shows the type of short, stiff 
seta into which the macrotriehia develop in this line of evolution. 
It should be noticed, also, that, concurrently w ith the broadening 
and strengthening of certain veins, the macrotriehia upon them 
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become arranged two, three, or even four rows deep, so that the 
whole vein takes on a spiny appearance. Concurrently with this 
change in tho maemtriehia, we find two lines of evolution of the 

iniemtriehia. They either undergo 
gradual reduction also, until they 
become partly or entirely eliminated, 
as in the family Syrpkidn»\ or they may 
remain well developed, with a difter- 
entiation wetting in in the size of the 
two series on the upper and lower sur¬ 
faces of the wing, hi this latter ease, 
the inierntrichia on the nppry surface 
increase considerably in size, while 
those of the lower surf ace remain fairly 
constant. This development takes 
place in the Myiodaria, and is especi¬ 
ally well shown in the Mnwidte. In 
the Blowfly, for instance, the micro* 
Text-fig. 28. trichia of the upper surface of the wing 

are quite 30p, in length, and are set in 
large, swollen basoN, while thoso of the lower surface are only 
about half as long, and have the usual small bases of insertion. 
(Plate Ixix., fig. 14). 




Text-fig, 29. 

Small portion of a main vein from the wing of Tahauux sp., (Hornsby, 
N 8.W.), to show the triehiation; ( x 200). 

While, therefore, the main mass of the Diptera shows consider¬ 
able specialisation in its wing-trichiation, we have to postulate 

* Small portion of a main vein from the wing of a Mosquito, Afucidu* 
tdtermm Westw., 9, to show scales; (x 200). 
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for this Order, on account of the existence of the archaic fthy- 
phichr, an Archetype similar to that of the Mecoptera, but with 
the microtricliia somewhat smaller than in that Order. 

Order Tit ICHOFTKHA. (Text figs.30, 31). 

In this Order, the most air.hair types, such as the Rhyacophif- 
idt? f already show considerable spec iali sat ion in their win# tri- 
filiation. The archedictyon is always absent, but its inaerotrichia 
are present upon the wing-membrane, and remain their, on the 
whole with ever increasing abundance, as we pass to the highest 
types within the Onler. Microtriehia are present throughout 
the Onler, hut an* always small, averaging alsnit 5 /a in length. 
Macrotrichia are present upon the main veins and their branches, 
hut never upon the few' and weakly developer] cross-veins, except 
in the cases where the proliferation of these hairs upon the mem¬ 
brane leads to a secondary imasion of all parts of the wing. 



Text-fig. SO. 

Portion of two main veins and the included membrane from the wing of 
Rhyactythif* dorm!is Curtis, to show the triohii»tion;( x 10A). {Micro- 
triohia are slightly exaggerated in thin figure). 

In describing the macrotrichia of the Pmtomecoptera, we have 
already mentioned that those found upon the archedietyon were 
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somewhat smaller 111 Nine t him those upon the veins. This differ¬ 
ence is also to be seen, somewhat mow intensified, in the older 
types of Triclioptem, us may he seen in the figure taken from 
Hhyantphtin tfamtliit (Text fig.SO). Not only are the macrotriehia 
of the \eins large!, but they remain for the most part straight 
and stiff, whereas those of the membrane (derived originally from 
the urehedictyon), are slenderer, and inclined to lie slight!)' 
curved. 

A single lino of e\olution may lw said to characterise the whole 
Order. It consists in the gradual greater and greater prolifera¬ 
tion of the macrotriehia of the membrane, together with various 
specialisations of the macrotriehia upon the veins. Thus then* 
is produced that excessively hairy type of wing that is especially 
associated with this Order. In many genera, the stiff bristles of 
the veins liecome reduced, either in part, or altogether, to the 
same type of slender flexible hairs that we find upon tho tnem- 
hrane; in others, certain sets of hairs, especially at the base of 
the cubitus, liecomc erect and bristly. In the Ilydroptifidw , all 
the macrotriehia of the fore wings become erect and thickened, 
while tho hind wing develops an exceedingly long fringe. 


a 



Text-fig.31. 

Forms of scales found in Trichoptera : a, a narrow, lanceolate scale, with 
single longitudinal stria, from wing of an unnamed foptooerid 
(Broken Hill, N.S.W.); ( x 350): h f a lanceolate scale with three 
longitudinal stria* from wing of Pltctrotartu* yrawnhorrti Kol.; 
( x 400). 

The slender, flexible macrotriehia of the membrane found in 
the wings of Trichoptera are exactly comparable with those of 
the Pttychodidftt in the Order Diptera (Text-fig. 27). Like them, 
they are easily converted into elongated lanceolate scales. The 
simplest typo of such a scale is one in which the flattening pro¬ 
duces only sufficient width to allow of the development of a single 
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longitudinal stria (To x(•-fig.3l,rr). Such scales may Ik* found in 
»|iiit« a number of isolated genera within the Order. Further 
broadening leads to the addition of a second, third, or even a 
fourth parallel stria. The lies! developed scales known to me in 
thin Older an* those of the peculiar genus no/* (Text-fig. 

31,A), which always show three or four stria*. 

Certain groups of genera show a tendeney to the mJuetiun of 
the hairiness of the wings, which is evidently of a secondary 
nature. In the subfamily this eulminates in 

the evolution of a iiiiinlicr of forms with tin* wings almost devoid 
<*f inac rot rich ia. 

In conclusion, the Archetyja* of this Order must evidently 
have had a wing-t riel nation closely resembling tliat of Jihi/a- 
rophila , t.fl., with the archedictyon absent, its nuicrotrichia pre¬ 
sent ujion the membrane, and already differing considerably, in 
their smaller size, and slighter, more flexible build, from the 
larger and more bristle*like macrotricilia of the veins. Macro- 
trichiu were absent from the cross-veins, and the mierotriehia 
wore already reduced to a small size. 

Order LEPIDOPTEKA. 

(Plate Ixviii., fig. 11, and Text-figs. 21, 32-34). 

In this large Order, it will only lie necessary to study fully 
the must archaic tyjies; in Ujp higher families, only the general 
trend of the evolutionary effort need be considered. 

We take, then, first of all, the three families of the Suborder 
Homoneura, viz., the SticropteiyyidUr, Prototheoridto, and Ifrpi- 
afidcp. In all of these, mierotriehia are present, but exceedingly 
minute, never exceeding 2p in length. They have been called 
nenfea* in this Order, and an attempt has heeu made to class 
together all those families, in which they occur, as the “Aculeate” 
lxipidoptera. They occur in a number of the older families of 
the Hoteroneura, as well as in the Homoneura. Hence it will 
tie seen that this method of classification is faulty, and should 
not be persisted in. In all the higher families, mierotriehia are 
no longer present; but it is evident that their loss has been 
effected along many lines of advance; and that an association of 
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nil u i ion-aculeate" forms into one Suborder would Ik; as unnatural 
a grouping ah it would also l>e in the Order Planipennia. 

The most striking character of the Order Lepidoptera is the 
specialisation of the iiiuorotriclua as Ww, throughout the whole 
Order, from fclie lowest to the highest forms. Although, as we 
have already seen, scales are to lie found on the wings of other 
Orders of Holometabola (Pinnipednia, IHptera and Trichoptcra),' 
yet in each caw 1 they only occur spasmodically, ha cae e o of high 
socialisation iu one or 0101*0 isolated groups. But, in tlie Lepi- 
doptera, the* scale*bearing habit is an ordinal character, the only 
exceptions to which can lie traced definitely to retrogression 
(e.f/.f in the P#ychid<v). 



Text -fig. 82. 

Small (Hirtimi of a main vein and adjacent memlirAiiP from the fore wing of 
/Vofo/Arora petrmrmi Meyr., (8, Africa), to show the triohiation; 
( *2M0). (From a partially descaled specimen). 

In order to establish the pixtof that these scales are modified 
rnacrotrichm, it is only necessary for us to study such an archaic 
type as Prt>tothrani* (Text-fig.32), in which the macrotrichia 
upon the veins remain in their original state of somewhat flexible 
hairs, while the arrangement of the bases of insertion of the 
scales upon the membrane can be seen to correspond with the 
pattern of an original archedictyon. It will also be noticed that 

* For the supply of material of this rare genus, I have to thank Dr. 
PAringuey, Director of the South Afrioan Museum, Capetown. 
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the scales that lie closest to the veins are elongate and narrow, 
and that, the further we go away from a vein, the broader and 
shorter the scales become. Thus we can find, in this one insect, 
all stages in the evolution of a scale from a macrotrichion present 
upon different parts of the wing. 

Similar variations in the form of the scales, connected with 
their positions in relation to the veins, are to Ihj found in the 
Mu'n>i>tf>ryyi(ltr (Text-fig.33); hut, in this family, the broader 
scales are much more abundant, and may frequently be seen quite 
dose up to the veins. 





TexL-flg.33. 

Three types of scales found in the family Micropterygubr; ( x 400) : <r, tram 
Erioi'mnia wmpMrpiireUa Steph.; />, fiom Mnrmonica *nbpnrpurtffa 
Haw.; <*, from Sahathicu inroinyrutlla Walk. (All throe types may 
la* found upon any one genus). 

hi the J/rpiatidft, l)oth narrow, lanceolate scales and moder¬ 
ately broad, oval ones are scattered all over both membrane and 
veins, interspersed with fairly numerous, slender, flexible hairs, 
or macrotriohia which have remained unaltered in form. 

It will not be necessary, for the purposes of this paper, to 
follow out the many specialisations to be found in the scales of 
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tlu* Heleronoura. These have already lieen very fully dealt with 
by many authors. 

Returning to the Prttfvtltrorifttt', it is of this very greatest 
in tores t to note that traces of the original urchcdictyou are still 
to lie found in this archaic family. hi Text-fig.*'U, and Plate 
lx\iii., fig.1 1, I show the very definite archedictyon that is to be 
srun above the radius. Here, not only do the macrvtrichia 
(which, in this region of the wing, are all sciiles, not hair*) show 
very clearly the original arrangement of the mesh work, hut there 
it* actually a slight thickening and darkening of the membrane 
forming the archedictyon itNelf. Allowing for the difference in 
the sizes of the two wings, this condition in Protothrora is closely 
similar to that preserved in Archipanorpa. Though 1 have nut 


Text-fig. 34. 

Portion of the apl mil toil curie archedictyon prewivcd alsove the radius of 
the forewing in Ptvttothmm peJt'otftua Meyr.; (x 130). (/See alno 
Plato Ixvhi., fig.il). 

been able to find so good an example of an aphantoueurie arche- 
dietyon as tliis, anywhere else within the Older, yet there am 
numerous cases in which what appears to lie the last remnant of 
the archedictyon mu lie seen in proximity to the veins, usually 
in the form of a series of slightly darkened and thickened spurs 
projecting almcmt at right angles to the main vein ujioii which 
they abut. 

Reviewing the above evidence, it would seem that, in the 
Lepidoptera, the formation of scales must have begun before the 
complete disappearance of the archedictyon. Tliis suggests that 
the scales in this Older must be an exceedingly archaic character, 
originating in a specialisation of some type belonging to an 
ancestral Order in which the archedictyon still persisted. 


bY II. J. TILLYAKD. 


651 


Hence we conclude tlmt the Archetype of this interesting 
Order must have possessed at least some (nations of the aphanto- 
neurie archedictyon; that it also fxisscHsed inicrotrichia of small 
size, ami that the lnacrotriclua, though remaining as slender, 
flexible hairs upon the \eins, were largely interspersed with true 
scales u]k>ii the wing-ineinhraue, such scales lieing of elongate, 
lanceolate form, with few strut*. 

We have now to review the alxm* evidence, in order to dis- 
eo\er what light it throws upon the Phjdogeiiy of the Orders 
included in tlie Panorpoid Complex. 

First of all, it must l»e evident that, as far as the Wing-tri- 
chiation is concerned, all six Orders may well have l>een derived 
from a single ancestral Order characterised by the following 
prints: presence of an aphantoneunc archedictyon, presence of 
inicrotrichia all over the wing, and presence of well-developed 
macrotrichi a upon the main veins and their branches, and upon 
tlie archedictyon, blit not upon the true cross \eiiiH. 

Such a type is preserved in the fossil ArchLjHmnrpa from the 
Trias of Ipswich, Queensland. This fossil itself, however, cannot 
have lieen the ancestral form, since the Mecoptera, Triehoptera, 
and Planipennia, at any rate, are contemporaneous with it, while 
the first of these three Orders goes back also into the Permian. 
For the actual ancestor we must- postulate some unknown type 
of the Lower Permian, or possibly even of the Upper Carbon¬ 
iferous; and whether this ancestor is to be considered as belong¬ 
ing to the Protomecoptera or not, will have to depend upon 
other characters not dealt with iu this Part. 

Let us now follow the evolutionary changes of the various 
structures of the wing separately. 

The Archedictyon:—This undergoes complete suppres* 
sion in all recent Orders, except only in a few Lepidoptera, where 
distinct traces of the meshwork in an aphantoneuric condition 
(but not so well marked as in Archipanorpa) are still to be found. 
This is well shown ..above the radius in the forewing of i’reftc 
thmra petrouema Meyr. (Text-fig.34, and Plate Ixviii., fig.l l). 
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After the elimination of the archedictyon, the bases of inser¬ 
tion of the macrotrichia left upon the membrane of the wing still 
show, fairly plainly, the original pattern of the lost mesh work. 
A study of the mesh work in the figures of Protathrora already 
referred to will soon convince us that it is possible to reconstruct 
the course of the meslmork with fair accuracy, by joining up 
the bases of the macrotrichia along the lines which they still 
indicate. The resulting figure will not lie correct in all parti¬ 
culars, since some of the cross-venules of the mesh do not carry 
any macrotrichia at all, and would therefore tie omitted in the 
menstruation; while, in a few cases, the positions of the nmcro- 
trichia are more or less misleading. 

In specialised cases when* the macrotrichia proliferate freely 
on the veins and membrane, as in the cast* of the higher Hetom- 
neiimus lepidoptera, there are always more than sufficient macro- 
trichia to ensure an accurate tracing of the original pattern of 
the archedictyon. This is well shown in the figures of the Hawk- 
Moth Ctuqnoita friaayittari* Don., (Textflg.21). Hen 4 it will he 
seen that the meshwork, proliahly whilo it was still aphantoneuric, 
tended to become arranged into almost parallel lines connected 
by irregular cross-pieces: It is this tendency, carried to its 
highest development, that gives the very regular arrangement of 
the scales seen in the Butterflies. But in all cases, by careful 
study, it can be seen that the arrangement is a modification of 
an original meshwork, and not a series of unconnected straight 
lines. 

The evidence afforded by the archaic Rhyphun in the Diptera, 
and by both the Homoneura and the older types of the Hefcero- 
neura in the Lepidoptera, points definitely to the conclusion that 
these two Orders, like the less highly specialised Orders of the 
Panorpoid Complex, had their raaciotrichia arranged upon the 
membrane in the original positions which they occupied upon 
the aphantoneuric archedictyon. 

The Microtrichia:—Though absent in the higher types 
of some Orders, e.y n Megaloptera, Planipennia, Diptera (a few), 
and Lepidoptera (the great majority), yet they are found to be 
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present upon tlie wings of archaic types of all the Orders of the 
Panorpoid Complex. The line of evolution is towards reduction 
in size in all the Orders, with the single exception of the Myio- 
daria in the Diptera, wliere there is an increase in size of the 
microtrichia upon the upper surface of the wing only, resulting 
in the interesting condition found in the Blowfly and allies (Plate 
lxix., fig. 14). 

The M a c r o t r i c h i a:—A study of archaic types, includ¬ 
ing the fossil Arch 'ijxtnovjxi, shows us that these were originally 
present upon both arched icty on and main veins, but not upon 
cross-veins. Monjover, pit»hably because of the comparative 
weakness of the venules of the archedictyon, there was, from the 
very first, a considerable difference in size lie tween the macro* 
trichia of the veins and those of the mesh work. The macrotrichia 
of the veins also tended to be more erect than those of the mem¬ 
brane; so that, in the fossil Arehipawwpa, their bases of in- 
sertion show the two concentric circles of the raised disci very 
clearly, while those of the meahwork rarely do so. 

We are thus led to expect the following lines of evolution, 
which do, in fact, actually take place in the various Older* of 
the Complex:— 

(1) ff the direction of the evolutionary effort be towards re 
duction, then the macrotrichia on the meshwork should be 
affected first, since they are smaller in size from the first, and 
inserted in less strongly built bases. 

As a matter of fact, it will be seen that the tendency towards 
reduction in the smaller macrotrichia becomes accelerated in the 
course of evolution; so that, in many cases, they become quite 
eliminated, while the macrotrichia upon the veins may even pro¬ 
liferate, though usually undergoing some reduction in size as 
well, as in the higher Diptera. 

(2) If the direction of the evolutionary effort be towards the 
formation of scales, then the macrotrichia of the meshwork should 
be afTected first, since they are in a more favourable condition, 
both as regards their delicacy of structure and the condition of 
their bases of insertion, to undergo this change. 
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The formation of scaler* in the Lepidoptera and Trichoptera 
agrees with tit is; since, in archaic families of the former Order, 
and in all scale-bearing genera of the second, we can still find 
some at least of the macrotrichia on the main veins remaining 
in the form of hairs. Judging also from the tendency, in the 
Lepidoptera, for the broadest (most highly evolved) scales to 
appear furthest from the veins, while narrow lanceolate scales 
are found nearest to the veins, we are led to the same conclusion. 
Actually, the covering of scales is not needed so much upon 
the veins as upon the membrane, and the original condition of 
the macrotrichia is such that the need of the insect is to l>e met 
along the easiest line of specialisation; Le ., those macrotrichia 
whose alteration into scales would most benefit the insect also 
happen to be those in the best condition to undergo the change. 

In the other Orders in which scales appear (I)iptera, Plani- 
pennift) it should be noticed that they are a comparatively late 
effort, which takes place after the macrotrichia have been com¬ 
pletely eliminated from the membrane of the wing. The scales, 
in these cases, are formed from the macrotrichia left on the 
veins. If these are still somewhat bristly, as in the Planipennia, 
a hard, seed-like scale is produced (Text-fig.24); if, however, 
they have Income slender and delicate, as in the txychodidcr and 
CnlicAdte, then the resulting scales will resemble very closely 
those of the Lepidoptera and Trichoptera. 

The changes in position of the macrotrichia, in connection 
with the disappearance of the archedictyon, have been already 
dealt with above. 

Taking all the above evidence into account, we may reason¬ 
ably come to the following conclusions, as far as the limitations 
of this Part of our study permit:— 

(1) The fossil Order Protomecoptera is undoubtedly the most 
archaic type known within the Panorpoid Complex, as regards 
the characters of its Wing-trichiation. 

(2) A single line of descent from the Protomecoptera to the 
Mecoptera, and from the very base of this latter Order to the 
Diptera, is strongly indicated by the uniform type of trichiation 
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found in these three Orders, together with the very definite 
evolutionary trend towards reduction. 

(3) A second line of descent is less definitely indicated, com¬ 
prising the Megaloptcra and Planipennia, in which the evolu¬ 
tionary tendency runs towards curly complete suppression of 
the jimcratriehia upon the membrane of the wing, and a later 
invasion of the mac nit rich in from the main veins on to the cross- 
veins culminating in the R&phidioidea on the one hand, and in 
the higher Planipennia on the other. Both Orders may well 
have been derived from an early type of Protomecnpteron, but 
neither of them can lx* derived from the other. For the oldest 
Planipennia have the largest micmtricliia, while the oldest 
Megaloptera still retain the macrotriohia upon the membrane, a 
condition which is not to lie found within the Planipennia. 

(4) As the Trichoptera show a more archaic condition of the 
macrotrichia upon the membrane than do most of the Mecoptcra, 
they can only be derived either from the very liase of this latter 
Order, or from the preceding Protomeeopterous type. 

(5) In the Lcpidoptera there exist certain types that show 
portion of the archedictyon still present in an aphantonouric 
condition; while, in many others, the pattern of the archedictyon 
is well preserved. Both the oldest Trichoptera and the oldest 
Mecoptem, are in advance of these types. Hence we can only 
trace back the Lepidoptera to the Protomecopterous or some 
similar, extinct type, and may not derive them either from the 
Mecoptera or from the Trichoptera. 

Though the conclusions to be drawn from the structures 
studied in this Part arc somewhat indefinite in themselves, they 
will be found to bo of considerable value when taken in conjunc¬ 
tion with the rest of the evidence. Also, in the study of the 
Phylogenies of the families of each separate Order, (which lies 
outside the actual scope of tiiis paper), a great deal of very valu¬ 
able evidence may be gathered from the Wing-trichiation. 

We may conclude this Pari by giving, in tabular form, the 
principal characters of the Wing-trichiation for the different 
Orders— 
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Table ok the Condition ok the Wino-trichiation in the Orders op the 
Panokpoid Complex. 

* indicates well-developed, * prencnt in reduced form, - absent. 


Orders and (< roups. 


M icro- 
trichia. 


On main 
veins and 
branches. 


Macrotriohia. # 
i On cross 


On arche 
dictyon or 
membratie. 


Arche - 
dictyon 


— 

j- 

! 

i - - 

,- — 

PROTOM WHITER* * 

1 * 


* 

1 

, present, 
aphanto- 

Medalopteka : — 

1 

: 


neuric. 

Archetype .. * 

* 

- 

i 

- 

Cory*iafidtf ... * 

* 

- 

. 

- 

SicUtdir . • 

: - 

- 

1 (A) 


Raphtdiidu 

pLAMPKNMA : — j 

• 

( ¥ 

1 

i 

1 ~ 

Archetype * 

* 



i ~ 

Archaic types .. ♦ or * 

Jr 

- 



Higher types .. 

(15) 

• 

j _ 

■ 

Mecoptkki • — 1 

Archetype . . , * 

4. 

- 

i * 

! 

Archaic type* .. * 

Xa it itoch on*tid<r \ 

» 

~ 

| ♦ oi v 

1 (C> 

i 

and /////oridfp J , * 

Diptkra: -- | 


‘ 

! 

Archetype ... • 

Rhyphidtp * 

m 

« 


i * 

* 

1 

i 

Pbychodidtv . ,.| y 

Culindtp . ..i * 

some scales 
all scales ! 



Other type** .. 1 *, x or , 

: ci)) 

1 * or x 

“ 

1 

~ 

Trkiioitkka 





Archetype x 

* 

- 

* 


Recent families ... x 

liEPIDoPTKK \ : — 

• 

(K) 

f 

very abun¬ 
dant, some¬ 
times 
scales. (F) 

I 

Archetype x 

t 

* 

1 

' 

i 

hairs and 
scales 

1 

at least 
partially 
present, 
aphanto- 
i neuric. 

PcofoUteoridtp . . x 

i 

i 

♦ (hairs 
and scales) 

! 

scales 

partially 

present, 

aphanto- 

neuric. 

Ot her Homoneura .. x 

” 

- 

hairs and 
scales 

- 

Archaic Heteroneura' x 


- 

ft 

- 

Higher Heteroneura 

scales 

- 

scales 

— 


Special References:—(A) Only present on fringe and pterostigma—(It) Some 
' * * " ’ la 9 9 and fringe of I*o*ctlip 


_ \ developed on hfindwing of Spermophortlta 9 9 and fringe of IwtctHpttron 

—(C) A few present on pteroetigma of forewing in NannochowticUr —iD) Absent 
in some « SyrMcUr; enlarged on upper Burfaoe of wing in Myiodaria—(K) Absent 
except as a llte invasion from the membrane—(F) Sparse or absent in Macro- 
lumatiwp and Mime other forms. 
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KXPLANATION OK Pl.ATKS LVIF -IAIX. 

Plate Ixvn. 

KiR.il.—Portion of forowinR of the fossil A rrhijtanorjia mtHjuiJtca Till., 
showiiiR the aphaiitoneuric archedictyon with tiilieroles representing 
the liases of insertion of the inaorotriehia; also showing portion of 
the main veins R s and R 4 , with rlaaily marked liases of insertion 
of larger mourotricliia, and cross-veins without the same; ( v 27). 

Fir. III.*—Part of Kig.9, further enlarged; (X 48). 

Plate lxviii. 

Kir. 11.—Portion of forewing of l * rot of h row t petronema Meyr., (Ts^iidopteia; 
S. Africa), showing the radius, with theaphautoneui in arohedictyun 
above it, carrying scales (macrotriohia); from a cleared mount of a 
partially de-soaled specimen; ( x 50). 

Kig. 1*2.—Portion of forewing of Rhyphii* hreri* Walker(lhptera), showing 
distribution of rmorotrichia and inacivitrichia; most of the latter 
have I laconic detached from their liases of insertion; ( X 400). 

Plate* lxix. 

Kig. 13.—Apical portion of fore wing of Chorutfn anrtt'nli* King, (Meeop- 
tera), showing distribution of microtriehia and macrotrieliia; notice 
the absence of the latter from the cross-veins; ( x 200). 

Kig. 14.—Portion of forewing of Blowfly (OnJliphora ri/losa Desv.; IMptora), 
showing the two types of miorotulohia; the larger ones are on the 
upper, the smaller on the undersurfaoe of the wing; ( X 60). 

(All figures are from photomicrographs, Figs.9-10 from the aetual fossil, 

Figs. 11-14 from oleared mounts of wings'. 
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A STUDY OF THE EXTERNAL BREATHING-APPA¬ 
RATUS OF THE LARVA OF SOME MUSOOID 
PLTKS. 

By John L, Fhoohatt, B.Se. 

(Plate Ixx.) 

Heretofore, in the identification of different species of flics 
from maggots collected, the perfect flics have had to be bred-out. 
But, in the course of the work of the Government Sheep-Fly 
Experiment Station, this method was often impossible, when 
packets of maggots were received doa<l or rotten. By means of 
the microscope, I have found that an examination of the spiracles, 
in {articular the posterior spiracles, gives a sure and certain 
means of identifying the different species hew dealt with. As 
their description has not been published heretofore, the results 
are here recorded. Jn every case, the types were procured from 
eggs deposit'd by each species of fly, on meat in the field - 
laboratory. 

The species dealt with in this paper are:— 

A misfdlvrhina augur (Caftiphora oemnur). 

PoKtnia ntygia (Calliphora villom). 

Pycnotoma mjifacies (CaJliphora rufifari*#). 

Pycnosoma varipe* (Caftiphora va ripen). 

Lncilia wricata. 

Ophyra nigra. 

The spiracles, in all probability, exercise a most important 
function in the destruction of maggots by poison. Careful ex¬ 
amination of the skin does not reveal the presence of any pores; 
the organs of the maggot may be looked upon as being enclosed 
in an india-rubber-bag, the only openings into which are the 
gullet and anus—the extremities of the alimentary tract—-and 
the anterior and posterior spiracles—the extremities of the 
respiratory system. These anterior and posterior spiracles are 
counected by two main trachete, from which branches ramify 
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throughout tin* body. Absorption will, in all probability, take 
place slowly through the skin, but the action of sonic Liquids is 
far too rapid to admit of this happening, ho that, in those cases, 
attention must Ik* paid to the openings into the Ixnly. I am not 
at present in a position to point out more than the possibilities 
of this point, hut it is receiving further attention. 

The absence of {Mires in the skin of the maggots of these species 
is extremely interesting as well as curious, liecause the lame of 
most other insects, and even diptcra, show definite, well-marked 
pores. 

The 1 anterior and jm interior spiracles are totally different from 
one. another, the most .marked specific differences being given by 
the latter. 

The anterior spiracles are situated one on either side of the 
l»ody, on the first thoracic segment. Tn shape, they resemble a 
cap with a sharp upper edge, and a row of tassels along thisislge. 
The caps an 1 ehitinised projections of the two main tmoheie on 
which they fit hy a thickened ring: and it is from this demarca¬ 
tion-line that all measurements an* taken. In some species, the 
cap is differentiated into a thicker lower part, and a thinner 
upper part The tassels or tubules are hollow, the open ends 
having a much-strengthened chitinous rim to keep the apertures 
open. The numlier of tubules varies in different species, and 
within certain limits in the same species, and even between the 
right and left anterior spiracles in the same maggot. 

The trachea 1 terminate posteriorly on the anal segment in two 
Hpirocular plutes or stigmata, the posterior spiracles. These are 
slightly raised above the surface of the truncated end of the 
maggot. The position of these plates on the body is such that 
the liases of the plate, />., the spaces in the band, point obliquely 
towards the median perpendicular plane of the body, and with 
the median horizontal plane of the body passing through the 
lower portion of the plates. 

As both spiraeular plates are alike for each species, a general 
description of the characters of one will servo equally for the 
other. 
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The plate is surrounded by a strong band of chitin, varying in 
thickness and in outline in different sjK'cies. At the liase is a 
space or opening in the hand; in Ophi/ra itujra, however, tliis is 
closed up; and, in Pycnowjma ntjifaci and P. mr/pw, it is open, 
forming a break in the band. Tin's sftace apjH*ars to carry some 
soft structure in life, hut which is destroyed in preparation. 
Within this band are three structures radiating slightly from the 
hase; on subjection to strain, it is stum that these are slits, the 
openings being crossed by bands of chitin, either straight or 
anastomosing. The side-walls of the slits are very much 
strengthened with chitmous blocks, and the ends are always 
rounded. They are also concave from side to side. 

In some species here dealt with, there is an intermediate struc¬ 
ture 1 lying between the middle and inner slits--“inner” referring 
to the side nearest the median line of the body. This is a 
shallow groove, somewhat V-shaped, coming to a more or less 
definite point towaids the bottom, and rounded at the top. The 
rounded end encloses a clear space, the margin of which shows, 
under a low magnification, a “sun-ray” effect. This is due to 
fine bands of chitin radiating outwardly to the band. The inner 
ends of those chitinous bands project over the rim of the clear 
space, and would seem to support some soft structure in life, hut 
which is destroyed by the preparation. [11 some species, also, a 
space resembling a blister occurs on the side of the slits; when 
present, it is always on the outer side of the* outer and middle 
slits, and on the inner side of the inner slit. This “blister- 
structure’ 1 also shows the “sun-ray” effect referred to in the 
“ intermediate-structure." 

The length and breadth of all the spiracular plates include the 
width of the band. 

1 am indebted to Professor Wheeler, of Harvard University, 
U.8.A., for the method of preliminary preparation of the maggots. 
Full-grown maggots are dropped into water heated to 80 A C. A 
few seconds in water at this temperature is sufficient to kill 
them, and has the great advantage of stretching the maggots to 
their full length; by killing in alcohol, the maggots generally 
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contract, and often curve the body. The maggots are then 
placed in 35% alcohol, and, after about 14 bourn, they are trans¬ 
ferred to 75% alcohol, in which they can be preserved. As a 
general rule, the maggots are loft perfectly white by this prepara¬ 
tion, excepting occasionally when they have been feeding on 
material noli in blood When ready for preparation as micro¬ 
scopic specimens, the liody of the maggot is slit along the median 
basal line, and boiled in 10% KOll until only the integument 
remains This is then put through the usual process foi such 
preparations, and mounted in Canada Balsam. All measure¬ 
ments are in fractious of a millimetre. 

The bibliography on the spiracles of dipterous larvw is, so far 
as I have been enubled to trace it, very scanty. Figures of the 
spiracles of different species have been given on a number of 
occasions; but when a description is given, it is brief and with¬ 
out detail. 

Nielsen(1) figures the spiracles of certain species of Talxmidin, 
but goes no further. 

Froggatt(2) figures the spiracle of a dipterous larva found 
parasitic in locusts at Mi aim bah Station, near Singleton, N.S.W. 
A curious feature in this species was an elongated, cone-shaped 
tail fitting over the anal portion of the abdomen. This was 
doubtless to protect the spiracles, and prevent the maggot from 
being smothered when the legs and wings were folded. The 
perfect fly was never bred out, so that it could not he identified. 

Gurney(3) figures the spiracles of three species of fruit-flies, 
and states that the identification of the different species can be 
thus determined, but gives no description 

Bankstf) gives a slightly more extended account of the spiracles 
of the different species he deals with, but gives very little detail. 
He refers to what I am calling the space in the baud of the anal 
spiracular plate, as a “button”; in which I do not agree with 
him. He does not say how the spiracles were examined. 

As extreme forms of spiracles, the following may be given. 
Briatalis tmax % “ The Common Drone-Fly,” an introduced species 
common in gardens, is the parent of curious rat-tailed larva 
which can live not only in putrid but even in salt water. The 
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posterior spiracles are projected into a long tail in order to enable 
it to breatlie while completely submerged. 

The larvte of Stratiomya chama’leo, another European fly 
which Hwarins in water, have a similar, elongated, tail-like pro¬ 
jection of the spiracles. The larva* of a Tael i in id fly (Gymnosoma 
rotundaiam) live in and feed on the body of a Shield-Hug, and, in 
order to breathe, have an elongated, hook-like projection of the 
spiracles, which is pushed through one of the spiracles in the 
side of"the laxly of the hug. 

Anastklmuuiina augur. (Plate lxx., figs.4, 4a), 

Ant*rwr Spiracle *.—Cap differentiated into two parts. Tu¬ 
bules very strong. 

Postwar Spiracles. —The hand strong, complete, not markedly 
thick, showing no differentiation into two parts as in P. rnfifacie* 
and P varipes. The hand is thickened round the space which 
projects the contour outwards at this point The band is drawn 
in slightly between the slits, giving the contour a slightly scal¬ 
loped appearance. The inner margin of the band projects very 
slightly between the outer and middle slits, and less markedly 
between the middle and inner slits The slits are fairly close 
together at the base, but are well separated otherwise, and do 
not run quite the full length of the plate. The outer and inner 
slits are fairly straight throughout their whole lengths. The 
middle slit is straight for about two-thirds of its length, and 
then inclines in wards “ Intermediate structure" always present 
between the middle ami inner slits. “ Blister-structure ” well 
marked on all three slits. 

Pollknia btvgia. (Plate lxx., figs.6, 6a). 

Anterior Spiracles. — Cap differentiated into two parts Tu¬ 
bules broad compared with their length, and strong. 

Posterior Spiracles ,—Band strong and complete. Space at 
base completely enclosed in the band, which is not projected 
outward to such an extent as in A . augur. The band is only 
slightly drawn inwards between the slits. The inner margin of 
the band projects strongly downwards between the middle and 
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outer slits, and somewhat less strongly between the middle and 
inner slits; in the latter case, this projection usually forms a 
hollow above the space in the upper end of the “ intermediate 
structure." Slits fairly close together, and running practically 
the whole length of the plate. Outer and inner slits fairly 
straight throughout their whole lengths. The lower half of the 
middle slit is fairly straight, from which point it bends slightly 
inwards. “ Mister-structure" usually situated just above the 
point of curvature. “ Intermediate structure" always present 
between the middle and inner slits, and well developed. In a 
few cases, a similar structure lias been noticed between the outer 
and middle slits, but then the “ blister-structure" on the middle 
slit is absent. “ Blister-structure" well developed on the slits. 
The “sun-ray” effect is particularly well marked on the “ blister- 
structures” and on the space in the top of the “intermediate 
structure." 

Ptcnosoma rufifacies. (Plate Ixx., figs.5, 5a). 

Anterior Spiracles. —Cap differentiated into two parts. Tu¬ 
bules long. 

Posterior Spiracles. — Band very strong, often differentiated 
into two parts, the chitinous material being thinner on the outer 
portion. It would seem that, when the maggots are young, the 
differentiation in the band is most marked, but as development 
is carried on, this differentiation decreases until the two parts 
become either fused or the outer becomes the thicker and stronger. 
There is, of course, no space between these two parts in the band. 
The band is broken at the base, leaving the space open and in¬ 
completely surrounded. The band is always much thicker at 
the base. The inner edge of the hand projects downwards 
slightly between the middle and inner slits, and less markedly 
l>etween the middle and outer slits. The outer margin of the 
band is regular in outline. The slits run the full length of the 
plate, abutting on the inner edge of the band at the top and 
bottom of the spiracular plate. The outer slit* in shape, is fairly 
straight on the inner side, the outer side being slightly convex, 
following the outline of the inner margin of the band. The lower, 
part of the middle slit is fairly straight, and close against the 
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base of the outer slit. About the middle of its length, it bends 
inwards slightly. “ Blister-structure/’ when present, generally 
situated about the point where the inward liend takes place. The 
outer edge of the inner slit is fairly straight; the inner edge fol¬ 
lows more the contour of tho inner margin of the band. Jt is 
slightly convex. 11 Blister-structure” at approximately the maxi¬ 
mum point of curvature. The 44 intermediate structure” occurs 
between the middle and inner slits, but, in many cases, it is but 
slightly developed. The “ blister-structure” is generally present 
on the inner side of the inner slit, and absent on the other two 
slits. It may, however, he seen on all three slits. 

Pycn 080 Ma varipks. (Plate lxx., figs.3, 3a). 

Anterior Spiracles. Cap differentiated into two parts. Tu¬ 
bules much shorter than in P. rufifacies. 

Posterior Spiracles - Band extremely thick and strong, and 
showing the same differentiation into two parts as in P. rujifa<'ie$\ 
the same remarks apply equally in this cose as in tho previous 
one. The inner margin of the hand projects slightly downwards 
between the outer and middle slits. The band is broken at the 
base, leaving tho space open and incompletely surrounded. On 
the inner side of the spiracular plate, the band shows a develop¬ 
ment of chitin like a square Hag - the minimum distance between 
the plates has been taken from the edges of these Hags. The slits 
run the whole length of the plate. 'Jhe outer slit is fairly 
straight and regular throughout its whole length, although the 
outer margin conforms• more or less to the contour of the inner 
margin of the band The 44 intermediate structure” is only very 
slightly developed between the middle and inner slits, and is 
apparently only noticeable in the later stages of the growth of the 
maggot. The 44 blister-structure” on the slits is absent. 

Luoima bkkioata. (Plate lxx. y figs.2, 2a). 

Anterior Spiracles .—Cap not differentiated into two parts,. 
Tubules short and slender. 

Posterin' Spiracles .—Band fairly thin and entire, pinched in 
between the slits as in A. augur . The Bpace in the band is com¬ 
pletely enclosed by the band, which is thickened at this spot; 
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the space generally tends to project the inner side of the band 
inwards. There is no projection of the inner margin of the band 
between the slits. The slits radiate out from the l»asc, and fill 
the greater part of the spiracular plate, but do not run the full 
length of it. In shape, the slits are all very similar, being, as a 
rule, fairly straight and regular. The “ intermediate structure' 1 
is well developed, and always present lietween the middle and 
inner slits. The “blister-structure" is always present on the 
slits, and well developed The blister seems, more noticeably in 
this species, to he contained in a sheath which generally runs a 
long way along the slit on either side of the blister; this is 
generally more pronounced on the middle slit. 

Opiiyka nigka. (Plate Ixx., figs.l, la). 

Anterior Spiracles.— Cap not divided into two parts. Tubulos 
long and slender. 

Posterior Spiracles .—Hand complete, and compaiatively thick 
and strong. Tt is differentiated, in the earlier stages of the de¬ 
velopment of the maggot, into two parts, the inner part being 
the broader and stronger, ft is regular in outline. The space 
is not in the baud, hut is surrounded by a development of cliitin 
at the base of the plate, resting against the band. The space is 
almost completely tilled by a development of cliitin. The bases 
of the inner and outer slits rest against this ingrowth of cliitin. 
Compared with the size of the spiracular plate, the slits are small, 
and appear to be well separated from one another. This is due 
to each slit being surrounded by an envelope of hyaline material, 
which envelopes are, however, lying up against one another. The 
inner margin of the band does not, as a rule, project downwards 
at all between the slits The outer and inner slits are usually 
fairly straight and regular to almost the upper end, where they 
bend over slightly outwards and inwards respectively. They 
may, however, present a slightly wavy appearance. Tho middle 
slit is always wavy in outline, with the tip of tho upper end 
bending slightly over. *• intermediate” and "blister-structures” 
are absent. 
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of A^i ivultuie, Kutuni. Bureau, Januuiy, 191*2. 
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urmw/rf (Ki^h.2»2o) l i i/ftto*innn t ttrijn * (Fi^s.H, Jo) — Antith (lot hum 
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NOT HR ON AUSTRALIAN HAWFLTKK 
(TENTH RKDlXJD.fi). 

By Waltkr W. Frouoatt, F.L.S., (Jovkhnmknt Entomologist. 

The Sawfiies are weJI represented in Australia by a uumlicr 
of handsome insects belonging to very distinctive genera peculiar 
to our insect-fauna. 

While enormous numbers of the gregarious iarvie of severul 
species of the genus Perga are common at certain seasons (March 
and April in particular), feeding upon the foliage of young gum- 
trees (EnaaJyptm) wherever there is plenty of young growth, 
the perfect insects are comparatively rare. In breeding*out 
specimens from the pupae, one finds that a large percentage of 
them never reach maturity, because they are attacked in the 
larval stage by many dipterous and hymenopterous parasites 
which develop after the sawfiies have pupated A great number 
also fall victims to a mould-fungus, which destroys them in the 
cocoons. 


Perga dorsalis Leach : The Steel-Blue Sawfiy. 

Zoological Miscellany, iii., p.117, t.148, flg.I, 1817. 

This handsome sawfiy, one of the largest and best known 
species of the * typical Australian genus Perya, has an extended 
range round the coast, and is common in Victoria aud New 
South Wales. 

The gregarious larvie foed at night, and rest during the day, 
clustered together in an oval mass, on the stem of the gum-tree 
upon which they are feeding. When disturbed, they exude a 
sticky yellow substance from the mouth, at the same time raising 
the tip of the body, and tapping it down on the foliage. The 
leaves are devoured from the top of the young gum-trees; and, 
when the larvceare full fed, they crawl down the stem to pupate. 
I have found them fully developed in the middle of April; but, 
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when they descend from their resting-place, they wander about 
over the grass for several days before they Anally select a place 
in which to pupate, generally the softer soil against a tree trunk. 
Into this they burrow to a depth of three or four inches, mass¬ 
ing their large, oval cocoons in rows, one against the other 1 
watched several large swarms fee ling upon the Peppermint-gums 
(Encaf t/pfu* now-ang?)** 1 ) at our Experiment Station lit Ural la, 
and afterwards in their erratic wanderings over the grass; and 
marked down their final resting place and dug up the cocoons 
At Rinalong, in April, f observed two large swarms inarching in 
massed formation , the heads of the hind rows always rested 
upon those in front as they moved along steadily together. 
Every now and then, the front rank came to a dead stop, when 
they all rested for three or four minutes; then a number began 
raising up and tapping down the tip of the abdomen, whereupon 
the whole band took up the motion; the leading ranks made a 
fresh start., and all moved along again. In the largest hand, T 
counted two hundred and fifty caterpillars 

Larvw that pupated in the soil in the middle of April, pro¬ 
duced the perfect sawHies in the Tnsectarium in. the early part 
of October. 

The pupation of this sawflv is very remarkable Under natural 
conditions, the long, oval cocoons arc formed one above the other 
into a solid mass like honeycomb. When the full-fed larvae are 
placed in a jar of sawdust, each forms a separate owl cocoon up 
to 1£ inches in length and £ inch in diameter. The walls 
are very thin, composed of a tough, sticky, papier-raachl-like 
material, the inner surface smooth and black, with the anterior 
end rounded, and the apical cut off from a false end (containing 
the cast larval skin loosely attached to the true cocoon) by a 
slightly convex partition or cap of a greyish-brown colour, except 
for the black centre just behind the head of the semipupa; the 
outer side of this cap is flat, black, and thickly impressed like 
the surface of a thimble* 

The first moult leaves a very wrinkled, pink and yellow, naked 
pupa, with all the outlines of the larva, and the abdominal seg¬ 
ments curled in underneath the hindlegs. This stage may 
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remain from two to three months, when the pupa undergoes a 
second transformation A lino, almost black, soft hut closely 
felted, fibrous, inner ooroon is spun, within winch the pupa, 
now an elongate, \ery wrinkled, white creatine, without any 
outlines of head or appendages, is enclosed. There must l>e a 
third change, when the typical, true pupa develops, but this has 
not yet been worked out. Proliably, like some moths, this will 
not take place until a month or two before the emergence of the 
perfect aawily. 

Ptichygopiiokus rifascivtus Brulle. 

Hist. Nat. Insect, Hymen., Vol.iv., p.660, PI.46, fig. 1,9,1846. 

This handsome species is easily distinguished from all the other 
species by the dark marking on the forewings. The type, a 
female, was described from Tasmania. Mr. Howland Turner 
informs me that it was unique, he had never seen this insect 
until 1 sent specimens to the British Museum. My specimens 
were collected in the pupal state, a colony, containing about 
twenty cocoons imbedded in soft wood from the stem of an un¬ 
determined tree, was sent by Mr Harold Brooks, from Dungay, 
Tweed lliver, N.8.W. The larvae, when received in the cocoons, 
were in a serai-pupal state, hut showed that they were typical of 
the genus Pteryyophoi'nH. The perfect suwfhes emerged from 
the cocoons early in September. 

Shining blue-black, variegated with dull yellow. Length, 
? t ; exp. wings, j[ inch. Head and thorax, with the exception of 
a yellow blotch on the sides of the latter, shining dark tyue. 
fieg& black, vuiiegated on the tarsi. Basal half of the dorsal 
surface of the abdominal segments black, with the whole of the 
ventral surface and apical portion of the dorsal surface yellow. 
Forewings hyaline, richly variegated with chocolate-brown, form¬ 
ing a clouded costal nervure; hind ami marginal band, and an 
outer transverse baud crossing the centre of the wing, so that 
there are three semiopaque areas on the basal half of the wing 
enclosed in clouded bands. Hindwings slightly fuscous. 

Q. Larger than £; of the same shining blue-black colour, but 
having the face, a large blotch on the shoulders, scutelluin, post- 
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scutellum, and the whole of the abdomen doll yellow. Antenna; 
composed of eleven joints; 1st and 2nd small, 3rd-10th rounded, 
)>ead-shaped. Kyes large, projecting. Centre of the median 
IoIjb of the inesothomx with a lateral depression Scutellum 
large, rounded. Length, £, expanse wings, J inch. 

PuiLOMABTIX MACUSAII Westwood. 

Perga macleaii Westwood, Proc. Zool Sue., 1880, p.372, PI 
ixxxv., f.2, PhifomatUix glahtr Froggatt, Proc. Linn. Hoc. 
|N. S. Wales, (2), Vol. x., p.48‘J, 1890. 

. The type was described from a male specimen whose antenna* 
Vere wanting, and thus Westwood made the mistake of placing 
ijt in tlie genus Perga. 

\ I have collected a large series of lx>th sexes, with the curious 
o[ouble-tailed green larva*, upon the wild raspberry-piants on the 
Tweed River, N.S.W. When visiting the British Museum in 
l'&08, F went, through the cabinets of sawdies, and recognised my 
species under the name of Perga maefeaii. 

PtUKYOOPUOUUS ANAL1S G. Costtt. 

Ann. Mus. Zool. Napoli, Vol. ii, p.66, 1864. 

A numlier of cases have l>een recorded from the Roma and 
. itchell districts, Southern Queensland, of the death of cattle 
tlLt have acquired the abnormal habit of eating the larva* of 
thpse sawflies. The sawflies appear in the early summer in the 
oppn forest-country in enormous numbers, and deposit their eggs 
on 1 the foliage of the iron bark-trees. The resultant, long-tailed, 
slender, green larvse are ho numerous, that they completely strip 
all the foliage off the trees over a large extent of the iron bark 
forests. When fully fed, they crawl or fall to the ground, and 
congregate at the base of the tree-trunks in regular heaps. 

The cattle running in infested country have acquired the habit 
of licking up these moribund larvaB; and quite a number of the 
young stock, in those particular areas, have died from their par¬ 
tiality to this change of diet. 

Mr. Moore, the owner of ‘‘The Peaks,” Marbaugo, Southern 
Queensland, has sent me the following notes. ‘‘These cater- 
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pillars mature on the leaves of the Iron bar k-trees, and, when 
numerous, as they were last season (1917), do not leave a leaf 
on the trees. When fully matured, they come down and die 
all round the trunks of the trees; and it is at this stage that 
cattle lick them up; un overdose is fatal, particularly to young 
stock, such as weaners, nine to twelve months old, and calves. 
I fancy that acute inflammation of the bowels causes death; and 
the beast appears to be in terrible pain towards the end. f am 
inclined to think that a good deal of sand is licked up with the 
caterpillars, and this may add to the irritation.” 

11 The adult sawflies emerge and are active all through April, 
the caterpillars feeding upon the foliage through the winter, hi 
August, the full grown caterpillars come down the trunks of the 
trees, and die in heaps; and, for about three weeks, are a danger 
to the young cattle in the paddocks. I think it must be a craving 
for salt that attracts them, and we have laid rock-salt round the 
trees, but once they have acquired a taste for the caterpillars 
they will rush round the fronbarks to lick them up.’’ 

li f have had to remove all my cattle into the open country 
away from the iron bark-forest, or my losses would have been 
very heavy. As it was, I lost eighty head out of a mob of four 
hundred, sixty weaners and twenty cows. Twenty per cent, is 
very heavy in a week, and all the beasts that died were in 
splendid condition; in fact the fattest seemed to suffer most 1 
Tn my opinion, this caterpillar-pest is going to prove a very 
serious matter; and the only remedy will be to ringbark the 
ironbark-trees in some of the paddocks, so that the cattle can he 
kept uway from the infested areas. 


[Printed off, December 14th, itHS.J 
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Area and Situation. 

The Federal Capital Territory contains an area of about 900 
square miles, and is situated between latitude 36* and 36' south. 
Its greatest length north and south is upwards of 60 miles, while 
its average width is under 20 miles. 

Early Explorrrs in the Locality. 

The first explorer to reach the Federal Capital Territory was 
Charles Throsby, of Bong Bong and Glenfield, and he was pro¬ 
bably accompanied by Joseph Wild, a constable of the district of 
Argyle, and a notable bushman, who discovered Lake George, not 
many miles distant, on 19th August, 1820/ 
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In October, 1820, Lake George was visited by Governor Mac¬ 
quarie, who then named it after His Majesty George IV. He 
also named Goulburn Plains during the same visit. The Gover¬ 
nor arrived at Lake Bathurst, from Parramatta, with Deputy 
Surveyor-General James Meehan, Charles Throsby, Joseph Wild 
and others, and was there joined by Commissioner Bigge, Bur- 
veyor-General John Oxley, and Charles Fraser (Colonial Botanist), 
who had journeyed from Bathurst up Campbell's lliver and 
across the Abercrombie River.* The party travelled to Lake 
George from Lake Bathurst, which latter was discovered by 
James Meehan and Hamilton Hume on 3rd April, 1818 (Field 
Book 143, Lands Department). 

On 28th October, 1820, the Governor and party ascended a 
high hill to the eastwurd of Lako George, evidently EHcnden, 
and viewed the high land in the southern portion of the Capital 
Territory, though, owing to an intervening range, they would 
not have been able to see the plains at the northern end. That 
they were not impressed with the potentialities of the future 
Federal Territory is evident from the following entry made by 
Oxley :—“The whole extent between the S.E. and West may he 
properly described as rocky, broken, and mountainous, and no 
feature or object in the prospect offered any reasonable expecta¬ 
tion that a good or even tolerable country could have existence 
in those quarters.” How little could they foresee that they 
were gazing over what was to become, not only the spot where 
William James Farrer was to carry out his great wheat-growing 
experiments, which would do so much towards producing 
drought-resisting wheats, and revolutionise wheat production in 
a dry climate, but that they were also viewing portion of the 
site of the future capital of all Australia. 

Macquarie refers to “a new-discovered river," ami mentions 
that “ Mr. Throsby tried to get hold of some of the natives of 
this part of the country to serve &b guides to conduct them to 
the new lliver Murrmnbidgoe,” but the Governor's party could 

* See Governor Maoquaries .Journal— He port by Commissioner of In¬ 
quiry Bigge 1 Mitchell Library). Oxley's Field Book No. 172, Lands De¬ 
partment. 
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not find time to visit it, though Throsby did. They were under 
the impression that the now river flowed towards the south-east 
into the ocean, which suggests that, although they were aware 
of the presence of the river, no white man had actually visited it. 

It was in April, 1821, that Throsby visited the locality of the 
present Federal Territory, and, after going southerly from Lake 
George, he wrote : - M I passed over two rivers, exclusive of the 
one I discovered and on the hanks of which I passed a night at 
the time the Governor was at Lake George.” 

The two rivers referred to would be the Molonglo and Quean- 
beyan, and the one he discovered previously, the Murrumbidgee. 
He met with vast quantities of limestone, and a good quantity 
of open forest and plains.* 

On the 31st May, 1823, Captain Mark John Currie, Brigade- 
Major Ovens, and Joseph Wild reached the vicinity of what is 
now known as Queanbeyan, and, Currie writes, 41 encamped by 
the side of the South Fish liiver (as called by our attendant, 
Joseph Wild), on the edge of Lime stone Plains.” They travelled 
thence south-westerly towards the Morumbidgee (as it was 
usually spelt in those days), and named the Isabella Plain after 
Governor Brisbane's daughter. This plain is largely included 
within Portions 190 and 203, Parish of Tuggeranong, They 
followed up the right bank of the Morumbidgee, finally crossing 
the Um&ralla, thinking it was the Morumbidgee, and discovering 
the Monaro Plains or Downs. On the way up, they mention 
having seen pine-trees of about 2 feet in diameter. These would 
be the species now known as Callilrti calcarata , Black or Moun¬ 
tain-Pine. 

In returning, the party for some distance kept to the eastward 
of the Federal Territory, and, on the 8th June, 1823, "met with 
large rocks of limestone,” discovering what is now known as 
London Bridge, “ a natural bridge of one perfect Sa\on arch, 
under which the water passed.” 

Settlement followed this visit within the next few months, for 
among the reoords of the Chief Secretary's Department is a letter 


The Australian Magestne, 1821, Vol, i, (Public Library). ' 
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from Joshua John Moore, a retired Lieutenant, dated 16th De¬ 
cember, 1826, in which lie expresses his desire to proceed with 
the purchase of 1000 acres, “situated at Canberry, on the east 
bank of the river, which waters Limestone Plains, above its 
junction with the Murrumbeeja.” He mentions that he hAd 
been in possession of the land for upwards of three years. This 
appears to be the first reference, in an official document, to the 
name, which, with a slight alteration, was to be selected for the 
capital city of Australia. 

In a letter dated 14th September, 1831, Moore says : — 11 It is 
called and known by the name of Canburry, and is bounded on 
the south by the Molongoo River, and on the west by Canburry 
Creek/’ 

This area is now Portion 52, Parish Canberra, County Murray, 
and permission to purchase was granted by Sir Thomas Brisbane 
on 3rd May, 1825 There seems no doubt that the original was 
a native name, but its meaning is unknown. 

What is now Portion 58, of 4000 acres, Parish Canberra, and 
known as Duntroon, was promised by Sir Thomas Brisbane on 
the 18th May, 1825, and Portion L81, of 1000 acres, by Lieu¬ 
tenant General Darling on the 22nd March, 1830, to Robert 
Campbell, pursuant to instructions from the Right Honorable 
Secretary of State for the Colonies, in part compensation for the 
loss of a certain ship called “The Sydney” while employed by 
the Government of the Baid territory in the year 1806. 

Portion 51, of 640 acres, Parish Canberra, was promised to 
John McPherson on or before the 10th September, 1831, as a 
Primary Grant. The name of the farm was Spring Bank, and 
it was stated to be at Canbury, Limestone Plains 

An area of 2560 acres, said to be at Yarraluinla, now Portion 

4, Parish Narrabundah, was promised by Governor Darling to 
Edward Weston, of Horsely, Liverpool, on or before the 3th 
September, 1831. 

An area of 2560 acres, said to be at Yarralumla, now Portion 

5, Parish Narrabundah, was promised to Henry Donnison on or 
before the 15th August, 1828, by Governor Darling, but finally 
granted to Terence Aubrey Murray and Thomas Walker. 
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Portion 203, of 2000 acres, Parish Tugger&tiong, at Isabella 
Plain, was promised to Peter Murdock on or before the 14th 
February, 1827; and Portion 11)0, of 2560 acres, adjoining, to 
John McLaren, on or bofore the 21st February, 1829. 

Tn May, 1829, Surveyor Robert Dixon traversed the Molonglo 
Kivcr from near Qucanbeyau, across tins 44 Limestone Plains to 
the Morumbidgce River.” (Field-Book 317, frauds Department). 

Tlie position of the junction of the Queaubeyan and Molonglo 
Rivers is shown, and on one side of tlie former is written 
14 Medora Creek,” atid on the other “Quinbean.” 

The position of “Tim Beards’ Station” is shown on the south 
side of Molonglo River near 14 commencement of plains ” 

To the west of where Canberra Church now stands, Dixon 
shows the position of a fence, and the initials J.J M., which 
latter evidently refer to Joshua John Moore, the first owner of 
of Portion 52, Parish of Canberra. 

The entry, “Taylor’s Hut,” appears near the junction of 
Yarroliimla Creek and Molonglo River. 

On the 15th May, 1832, Surveyor Robert linddle commenced 
a survey at 11 Malonglo River for the purpose of measuring land 
at Limestone Plains.” (Field Book, No.375). Portions were 
measured for Robert Campbell, George Thomas Palmer, Joshuu 
John Moore, John McPherson, John Stephen, and Edward 
Weston. 

He refers to Majoura, Ainulie’s Hill, Black Mountain, Queen- 
beeann, Pialligo, and It. Campbell’s Cattle Station on Portion 181. 

On the 16th May, 1832, when measuring J.J. Moore’s Portion 
52, of 1000 acres, Hoddle noted, on page 50, tlie position of 
several “ huts ” and some 44 limestone rocks ” at a bend in the 
river at the spot since named Acton ,* and, near them, entered 
the name Canburry, which lie afterwards altered to Cauberry, 
the latter name appearing on his plan. The site near the huts 
is now occupied by an old stone cottage, built in the early days 

* These identical limestone rooks are shown on the extreme left in 
photograph No.l, in the 44 Report on a Geological Reconnaissance of the 
Federal Territory ” by D. J. Mahony, M.8c., Ao., and T. Griffith Taylor, 
li.8o. t Ao. (1913 k 
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of settlement. On the same day, he traversed the creek which 
flows south-westerly past the eastern slopes of Black Mountain, 
and, on pages 52 anti 53 of his field-book, entered the uame as 
Canbury Creek.* 

KlKVATION AND ToHOflH API!V f 

The elevation of the Federal Capital Territory above sea-level 
ranges from something under 2,000 feet along the valleys in the 
northern portion, including part of the proposed Federal City of 
Cauberra, to upwards of 6,000 feet in the south-western portion, 
the highest point being Mount Bimhcri, which reaches an eleva¬ 
tion of 6,2G4 feet, giving the Territory a range of elevation ex¬ 
ceeding 4,000 feet. 

The western boundary follows a range northerly from Mount 
Bimberi to Mount Corce or Pabral, the elevation of the latter 
being 4,657 feet Dividing the Cotter from the Murrumbidgce 
River is another range running north and south, one of the 
highest points of which is Tidbinbilla, said to be a slightly altered 
native name which signified a snow capped mountain, and which 
reaches an elevation of 5,115 feet. These high points are all 
visible from many spots on the north side of the Moionglo River. 

The area east of the Murrumbidgce, which is regarded as a 
fault-block, is generally lower than that on the western side, 
and ranges between about 2,000 and 2,800 feet above sea-level, 
the vegetation being of an open forest character. Around the 
Federal City site and Duntroonare the Canberra Plains, formerly 
known as the Limestone Plains, naturally almost treeless, and 
through which the small Moionglo River Hows. 

The southern portion of the Territory is largely composed of 
a network of broken mountains, though, in a few places, as near 

* In 1837, Surveyor Hoddle had charge of the laying-out of the City of 
Melbourne, and in 1851 became the first Surveyor-General of Victoria. 

t See “Notes on the Physiography of the Southern Tableland of New 
South Wales,” by C A. Stlssmilota, F.U.S., Joum. Proo. Roy. Sue. N. H. 
Wales, Vol. xliii., p.331 (1909). Also “The Physiography of the Proposed 
Federal Territory at Cauberra,” Commonwealth Bureau of Meteorology, 
Melbourne, by Griffith Taylor, B.8o. (1910). 
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Gudgenby, there are fairly level interspaces showing little or no 
dissection, and in some oases containing swampy areas. 

If we block out a model in the form of a great irregular 
wedge, and cousider the Molonglo River as the northern edge of 
the wedge, a horizontal section the full width of the Territory 
and extending south to the southern boundary would give us the 
length of the wedge, the length of the base would be the width 
of the Territory in the south, while the width (depth in this 
case) of the base would vary from perhaps 3,000 to about 4,300 
feet in the south west corner. In viewing this great irregular 
so-called wedge, which is higher along the western side, we find 
it is scored longitudinally into more or less deep ravines, along 
which flow the Cotter, Paddy's, Gudgenhy, and Murrumbidgee 
Rivers. The deepest of these gorges is occupied by the Cotter 
River, which at Thomas Oldfield's (Portion 2, Parish Fergus, 
County Cowley) is roughly 3,600 feet above sea-level, so that 
the river has here, under Mount Bimberi, entrenched itself to a 
depth of nearly 2,700 feet. The Murrumbidgee occupies the 
shallowest of these channels, and, in parts of its upper portion, 
around Tharwa, flows at the eastern foot of the mountains 
through an almost mature valley, so far as the eastern side is 
concerned, while it has cut gorges of varying depths down 
stream. 

Geological Formations.* 

Quoting from Mr. Pittman's map, it may be said that the rocks 
within the Federal City 8ite consist of Upper Silurian sand¬ 
stones, quartzites, shales, tuffs, clay-slates, and several outcrops 
of limestone, while the igneous rocks are crystalline tuffs and 
lavas, quartz-porphyries, and quartz-felsites. 

In the western and southern portions of the Federal Territory, 
a considerable area is composed of granite of a fairly siliceous 
character. Granite rocks are common around Tharwa, Boo- 

1 See a detailed “Geological Survey of the Site of the Federal Capital 
of Australia, 1 ' by Sdward F. Pittman, A*R.S.M. (1910). Also, a “Report 
on a Geological Reconnaissance of the Federal Territory,* 1 by D. J. 
Mahony, M.8©., Ac., and T. Griffith Taylor, B.So., Ac. (1913). 
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rooraba, the Qudgenby River, in places alternating with slate, on 
the range separating the Upper Qudgenby waters from those of 
the Cotter, and on the summit of Bimberi Peak or Mountain. 

No evidence of glaciation was noticed on Bimberi, but it was 
not specially searched for. The absence of a suitable gathering 
ground, however, would alone probably he sufficient to account 
for its absence. 

The valley of the Cotter, in the vicinity of Bimberi, and the 
side of Bimberi, up to at least the A,000 feet level, are of slate 
formation, probably Upper Silurian, and this accounts for the 
great denudation which has been effected by the Cotter River 
operating on the softer rocks, for it wus noticed that the* highest 
hills in the locality arc granite. 

The summit of Tidbinbilla was found to consist of quartzite 
and slate, the former supplying the resisting qualities 

The central-eastern portiou of the Territory consists largely 
of quartz-porphyries, and produces an open forest vegetation. 

Mount Coree is composed of igneous rocks, a specimen from 
the summit being considered by Mr. G. W. Card, A.U.8.M, 
without critical examination, as of the rhyolite or rhyolite-tuff 
class. This rock splinters in a remarkable manner, and under 
the bluff at the south-west cud, narrow strips may be seen up to 
10 feet long. 

A few miles south of Coree, and also where the main road 
crosses Coree Creek, the formation is slate. 

A good example of the effect of geological formations ou the 
vegetation may be seen from the City site. To the north east 
are the slopes of Mount Ainslie (2,76:4 feet), composed largely of 
volcanic tuffs, and clothed with open forest, while to the north¬ 
west is the coarse sandstone-hill known as Black Mountain 
(2,058 feet). The name of the latter was suggested by the dark 
appearance of the more dense foliage of this hill as compared 
with that on the surroundiug elevations, but this mass of vege¬ 
tation is a direct response to the more siliceous sandstones of 
which the eminence is composed. 
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Climate and Rainfall* 

rf the flora of the area l>e classified under the heading of either 
a warm- or a cool-country flora, its proper place is certainly under 
the latter. There are a few western or warmth-loving plants 
found there, one in particular {Casuarina Luehmanni) raising 
an interesting point in the study of distribution, but tlie great 
bulk of them are such as may be expected in our cool mountain- 
areas. Judging from the native vegetation, therefore, the 
climate of the Federal Capital Territory may be designated as 
cool. 

According to the Commonwealth Bulletin No.7, and furthet 
information kindly supplied by Mr. H. A. Hunt, Commonwealth 
Meteorologist, and Mr. I). J. Mares, Divisional Officer, Sydney, 
the following are the mean temperatures at a few stations, and 
the average annual rainfalls at some localities in and around 
the Federal Territory, including, for comparison, Cootamundra 
towards the foot of the western slopes, and Milton to the east 
on the coast. 


‘ 1 1 



Wettest 

month. 

Driest 

month. 

Yeais. 

Rainfall 
in inches. 

Years. 

Mean 

temp. 

Braid wood 

JatiUAiy 

Neptomlier 

* 

27 3 


56-4 

Bimgendorc 

January 

May 

*7 

23*0 

— 

- 

Caruoola 

June 

Fcbniftty 

27 

2411 

- - 

— 

Collector 

— 

— 

17 

26*4 


— 

Coouia . 

February 

August 

.12 

101 

44 

34'2 

Cootaimnrdra .. 

Juno 

February 

28 

221) 

16 

50*6 

Diintroun 

June 

February 

lb 

an 

4 

56*6 

Ooulburn 

January 

April 

52 

250 

46 

, 56 I 

Gudgeuby 

January 

Fehruat y 

27 

31*8 

— 

I — 

Gundaroo . i 

June 

February 

40 

24*2 

— 


Kiandra 

June 

February 

42 

63*8 

1 

44*4 

Lake George ... 

June 

February 

33 

26*4 

19 1 

58*1 

Majura... . I 

January 

February i 

30 

24*1 

— j 

— 

Milton.| 

— 

- 

25 

44*2 

_ 

— 

Quean beyan .. 

.January 

August i 

46 

223 

— 

56*1 

Unarm 


_J 

J5 

32*0 


— 


From the above, it may he seen that January and June are 


* Bee Bulletin No.7, “On the Climate of the YasS'Canberra District,’* 
by H. A. Hunt, Commonwealth Meteorologist. (1010). 
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the wettest months, while February is usually the driest. The 
annual rainfall at the Capital City site may be estimated at 
somewhere about 21 or 22 inches. 

The effect of climate upon the native vegetation is largely 
regulated by the question of aspect. Broadly speaking, Eastern 
Now South Wales has two dominating aspects, the eastern or 
moist, ami the western or dry. 

The rain comes cliielly from the eastern or ocean side, and is 
precipitated by the cooling or ascending clouds on the mountain¬ 
sides and summits; when the clouds pass beyond the summits 
and commence to descend, the precipitation is reduced This 
applies also to clouds coining from the west. The result of this 
natural law may be seen in the Braidwood district, about 40 
miles nearer the coast than Canlierru, and at a distance of only 
36 miles from the ocean, for Braidwood is largely shut off from 
full coastal influence by a mountain-range a dozen miles away 
and known as Budawang, to the east of which the rainfall is 
quite 40 inches, while at Braidwood it is only ohout 27 inches. 
Similar conditions are found at many places towards the eastern 
edge of the plateau in this State. 

A great portion of the Capital Territory, especially along the 
depressed Mu man bid gee valley, is sheltered by north and south 
ranges on either side, as well as for tiie most part on the south, 
the result being that, to a large extent, it is the descending clouds 
from east, west, and south which pass over this area, and the 
rainfall in the valley is, in consequence, less than on the hill¬ 
sides. Evidence of this may be seen in the resultant flora. 
Moreover, the clouds from the coast, after passing over the 
Territory, encounter the high range known in part as Briuda- 
bella Mountain, forming the western boundary extending from 
Bimberi to Coree* and on its slopes deposit much of their 
load. As a result, this is the area in which is found the most 
robust and comparatively luxuriant vegetation in the Capital 
Territory, including splendid examples of tree-ferns {Dickwnxa 
antarctica), ten feet high, which, at about 3,000 feet above sea- 
level, are nestling uuder the shelter of Mount Coree, and facing 
the eastern or moist aspect. 
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My view is that the luxuriant forests on the mountain side 
are the result of a high rainfall induced chiefly hy the position 
of sut'h mountains, rather than that the rainfall is a consequence 
of the presence of the forest. Judging by the vegetation on the 
higher land towards Bimberi and Coree, it is probable the annual 
rainfall there reaches 40 inches, and on Bimberi itself, which 
intercepts clouds from every direction, it possibly amounts to 
quite 50 inches 

Absence or Tubes from Canbkrka Plains 

The reason why many thousands of acres of almost level or 
slightly undulating land should be naturally destitute of trees is 
difficult to explain. The question is a universal one, and Aus¬ 
tralian examples have been much discussed between botanists. 
The instances are many, and include those from the extensive 
plains of the interior with a meagre rainfall, where treeless 
stretches of upwards of fifty miles are not uncommon, to those 
on the highlands with a rainfall, in exposed situations, as around 
Kiandra, of sixty inches per annum, and also such spots as those 
on the upper Dorrigo, where the brush or jungle in places ceases 
abruptly and forms a fringe on the edge of an open plain. 

My own observations lead me to suggest that the explanation 
will yet be found in many cases by an examination of the soil, 
or, in other words, that it is from this source that we shall obtain 
our best knowledge of the subject, studied in relation to topo¬ 
graphy, rainfall, and aspect. Whether the feature is chiefly 
regulated by the chemical constituents or the physical properties 
of the soil is difficult to decide, but it is probably in some degree 
the result of both factors. 

In These Proceedings (1900, p.310), I discussed the question 
of the absence of trees from the Monaro Tableland, and pointed 
out that, where the hills were composed of siliceous formations, 
they were more or less tree-clad, while those made up of basic 
soils were bare, except for some scattered trees of Eucalyptus 
curiae so and Acacia mdanogsylon on a few basalt-summits. 
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T am indebted to Mr. J. 0. H. Mingaye, F.G.S, for the follow¬ 
ing analyses of soils and quartz-porphyry from the Canberra 
Plains. 


A. Prom crest of low, treeless elevation at 6^ miles from 
CJueanbeyan. 

Mechanical A nalyais. 


Coarae particles of stone 

19‘38 per cent. 

Stone left on 20-mesh sieve 

9-87 

Stone left on 30-mesh sieve 

3*92 .. 

Stone left on HO-mesh sieve 

. . 7 83 

Hoot-fibre 

0-59 „ 

Chemical composition of .soil passing 
soluble in warm hydrochloric acid : — 

through 60-mesh sieve 

Insoluble in acid 

. 82*04%* 

tFerrio oxide alumina 

10*66% 

Lime (CaO) 

0*06% 

Silica \SiO t ) 

0*26% 

Magnesia (MgO) 

0*16% 

Potash (K,0) 

. 0*34% 

Soda(Na t O) 

. 013% 

Phosphoric anhydride (P y 0 6 ). 

0*096% 

Manganous oxide (MnO) 

truce 

Water. 

6*70% 

Organio matter . 

. 0*81% 


100*145 


* Containing silioa 78*21%. 

t Including a small amount of Titanium dioxide (T t 0 a ). 


B. From shallow valley at 5 miles from Queanbeyan. 


Mechanical Amtlyeie. 

Coarse particles of stone . 

Stone left on 20-roesh sieve. 

Stone left on 80-mesh sieve. 

Stone left on 60-mesh sieve. 


0*11 per oent. 
3*07 „ 

nil 
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Chemical composition of soil passing through 60-mcsh sieve 
soluble in warm hydrochloric acid : 


Insoluble in acid 

811 U%* 

t Ferric oxide alumina 

31:«% 

Silica (SiO s ) 

.. 0-12% 

Lime (GnO) 

. . 11'81% 

Magnesia (MgO) 

.. 0-29% 

Potash (K,0). 

«'88% 

Soda (Na a O) . 

013% 

Phosphoric anhydride (P 9 0 ft ). 

. . 0*07% 

Manganous oxide (MuO) 

trace 

Water 

. 3'38% 

Organic matter . 

... 0'51% 


100 “23 


* Containing silica 78*62%* 

\ Including n small amount of titanium dioxide (T,0J. 

The major portion of the soil which passed through a 60-inesh 
sieve, and used for the analysis, consists of fine particles of 
broken-up stone 

No.2124/18. CJuartZ‘porpIiyry, Oanlierra Koad, on treeless 
plain miles from Queanbeyan. 


Chemical Competition. 


Moisture at 100°0. 

0-32 

Soda (Na.O) 

1*37 

Water above 100 J C 

2*66 

Potash (K,0) . 

2*76 

Silica (SiO v ) . 

64 64 

Lithia (L.O) 

absent 

Alumina (Al,O g ). 

1449 

Titanium dioxide (TiO t ) . 

0*05 

Ferrio Oxide (Fe,O s ) 

2*30 

Zirconium dioxide (ZrOg).. 

absent 

Ferrous oxide (FeO) 

3*69 

Iron sulphide (FeSg) 

absent 

Manganous oxide (MnO) ... 

012 

Sulphur trioxide (SO v ) 

0*08 

Nickel and cobalt oxides 


Phosphoric anhydride(P f O g ) 0*11 

(NiO-CoD) . 

0*01 

Vanadio oxide(V,0*) minute traoe 

Calcium oxide (CaO) 

3*42 

Chromium sesquioxide(GrgO g )ditto 

Magnesium oxide (MgO) ... 

2*93 

Chlorine (01) . 

absent 

Barium oxide (BaO) 

0*06 


— - 

Strontium oxide (SrO) 

present* 


99*81 


* Speofcrosoopio reaction only . Specific gravity of rook-2*735. 

The soils of these plains around the Federal Capital are sili¬ 
ceous rather than basic, and the feature which is noticeable at 
Canberra, and other similar plains, is, that if there are any con- 
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siderable elevations, of say, 200 feet or upwards, rising above 
the plain, then such elevations produce trees. The inference is, 
therefore, that there is some difference, either chemical or physi¬ 
cal, between the soils on the well drained hills, and the soils of 



Text-tig. 2. 

Kud« of Kiu'iili/fttnA (Uaffmln enlarged by diplmniH laivie. 


the lowland; and it may be that, even though the geological 
formation is the same from which the soils of hill and valley are 
originally produced, certain salts are leached out from the high 
land and carried down to the lower, thus differentiating the 
characters of the two soils. 
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It is usual, of course, for both valley and height to produce 
trees, the differences in soil accounting perhaps for different 
local species, but this does not apply to the Canberra Plains, 
which, for some unexplained reason, are for the most part tree¬ 
less, though all the considerable elevations around are clad with 
forest-growths 

Insect Action on Twigs and Buds. 

Borne gouty swellings were found at the Cotter lliver on fruit¬ 
ing twigs of Encatyptn* hannantoma (Brittle Gum), which, Mr. 
W. W. Froggatt, F.L.S, informs me are caused by the attack 
of small chalcid wasps (Chalcidida*), some of which are plant- 
feeders and deposit their eggs just under tlte bark. The effect 
on these twigs was such that, in some cases, for a length of 16*3 
cm. (about 6 j inches), they had been increased in diameter from 
2*5 mm. to 16 cm , or about 6$ times their original diameter. 

lit November, 1911, great numltcrs of very interesting insect- 
galls were found within the City site on many trees of Euca¬ 
lyptus dsalbata (lied Gum). The flower buds were aborted by a 
dipterous larva which Mr. Froggatt has kindly identified as 
belonging to the family Agromyzidte. By the action of these 
J&rvce, the buds had been increased in diameter from 2 mm. to as 
much as 1*2 cm., or six times their original size (Text-fig 2). In 
some cases, five out of six buds in the umbel were affected. The 
effect of this swelling of the buds so greatly increased their 
weight, that broken branches were to be seen in many directions, 
reminding one of the result of a snow-storm. 

Plants absent from the Federal Territory. 

Owing largely to climatic reasons, several groups of plants 
are absent from this district, the locality being too cold for 
them, though, in more northern latitudes, they may ascend to 
greater elevations than 2,000 feet. No species of Angopliora, 
the coastal Apple-Tree, was seen, and its absence from the south¬ 
western district was commented upon by Hume and Hovell, in 
their overland-journey in 1824 (ibid., p.87).* No representative 

• For previous remarks in regard to distribution of this spades, see 
these Prooeediiigs, 1005, xxx., p.207* 




BY R. B. CAMBAQR. 


689 


was seen of that largo genus Melaleuca, which generally prefers 
a warmer climate. The whole of the Iron bark-trees are absent, 
these forming a group which avoid the cold, no species of tine 
Iron bark occurring in Tasmania No species of White Box was 
noticed, not even Eucalyptus alben$ t which creeps up the western 
slopes wherever it can find sufficient warmth, and may be found 
in isolated cases near Yass. The absence of E rostrata, the 
Murray or River Rod Gum, was noticed, but 1 was informed 
that it ascends the Murrumhidgec to Umhurra, some few miles 
below the Federal Territory, though it is unable to face the cold 
within the Territory itself. E. globulus, the Tasmanian Blue 
Gum, was not seen, although the climatic conditions are suitable, 
and it occurs lower down the Murrumbidgee, at Burnnjuek, and 
may possibly yet be found in the valley of the (’otter. 

General Remarks on various Species. 

The notes for this paper were obtained during short visits to 
the locality in November and December, 1911, and January, 
1919. In addition to the area immediately surrounding the 
City site, the routes examined were the following: Canberra 
to Queanlieyan and along the Bungendore Hoad; the Gundaroo 
Road; Canberra to the junction of the Cotter and Murrumbidgee 
Rivers, and up the Cotter just above the cjpm; Canberra to the 
summit of Mount Coree; to Tharwa, Boo room l>a, and the summit 
of Mount Tidbinbilla; Tharwa to Gudgcnby, thence up Middle 
Creek across to the Upper Cotter, and to the summit of Bimberi 
Peak. It will be seen that there were many spots not visited, 
so that the list of plants must be regarded as incomplete. 

Mount Tidbinbilla.—Within & radius of 20 yards around the 
actual summit of Tidbinbilla (5,115 feet), the following plants 
were noticed :~ 

Graminesc : Poa empitosa (Snow-Tussock or Snow-Grass). 

Juncackjc: Luzula campest> i$. 

Limaceac : Bulbine bulbota , Dianella tasmanica . 

Orchidaces : Caladenia dimvrpha, 

Oaryophyllacka : Stellaria f*uvgen$ 9 Scleranthu* Hfiorus, 


54 
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Lkguminosa : Acacia penninervis (Mountain Hickory), Oxy- 
fobium procumbent^) i Daviesia nlicina, Hovea linear it . 

H OTACR JR : Enostemon myoporoidcs. 

Violaceab : Viola betomcapfolia (Native Violet). 

ThynkLjKACBA : Pimelea sp. 

Myrtacea : Eucalyptus coriacea (Snow-Gum), Kunzea pedun¬ 
cular ia y Callistemon lopkanihns , Batckea Gunniana. 

Epacridacr^s: Leucopogon biflorns , L, Fraseri (prostrate), 
Acrotrirhe aggregata, 

Scrophula riACKAS : Veronica perfoliata . 

GoodkniacejG : Goodenia hederacea. 

Gandollkacr/e : Candollea semulata (Trigger-Flow or). 

Composite : Brachycome sp., Helipterum incannm , Microseris 
Forsteri . 

Biinberi Peak.—Writing from memory, the summit of this 
granite-mountain is approximately a quarter of a mite long, by 
about 200 or 300 yards wide, tho highest point being 6,264 feet 
above sea-level. 

On viewing the flora of this elevated spot on the 15th January, 
1912, the feature which impressed me most was the high colour¬ 
ing of the flowers and their great numbers. Masses were to be 
seen of flowering examples of Brachycome scapigeia (a Yellow 
Daisy), and these were blended with others of Senecio, Podolepis, 
and Helichrysum, tfie hill being charmingly crested and bright¬ 
ened with a profusion of yellow and white, distributed amongst 
a groundwork of countless, graceful, grey flowers of the Snow 
Grass. 

The only species of Eucalyptus found on the summit was E 
coriacea (No.3470), occurring as Bpreading, dwarfed trees of from 
10 to 20 feet high, and flowering, the branches being intensely 
glaucous. This species grows at a slightly higher level on 
Kosciusko, hut it is doubtful if any other Eucalypt grows at an 
elevation exceeding that of Mount Biinberi. This was also the 
only Eucalyptus found on the summits of Tidbinbilla and Coree. 
Helichrysum ledifolium was seen only on the summit, and this 
species, which occurs in Tasmania, had not been previously re¬ 
corded for New South Wales, 
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The following is a list of plants noticed on Bimheri, and in 
most cases also collected, above the 6,100 feet level, though doubt¬ 
less several species were overlooked:— 

Poly pomaces : Poly stir hum atmUalum (a common fern in the 
cold areas of Southern New South Wales). 

GrauinrjE; Poa c&spitom (Snow-Tussock, or Snow-Grass, in 
flower all over the summit). 

Rrstionacea: Festnca flookeriana , HypoUrna lateriflora (a 
weak, straggling, wiry plant of a few feet high, growing in masses 
in damp or swampy places, and slightly resembling Canstis flex- 
noaa , a common Sydney plant). 

Orchidackje : Thelymitra venosa (a blue Orchid). 

Proteac&ac : Orites lanci/olia , Orevillea australis (a very nar. 
row-leaved form. This is the only Grevillea which occurs in Tas¬ 
mania, the genus being one which favours a warm climate). 

Pittobpohacbas : Marianthus proenmbens, 

Polygalacra: : Comesperma retusnm, 

Thymklasacka: : Pimelea ligustrina , 

Myrtacras: Eucalyptus coriacca (Snow-Gum), CaUistemon 
Sieberi (the flowering was just over), Hcpckea Ounniana . 

UmhklmfkRjE : Aciphylla simplicifolia. 

Epackidacka; : Epacris palndosa y E. microphylla x Rich*a 
Qunnii. 

. Labiatas; Prostanthera cuneata (with whitish flowers). 

Rub I ac EAfi : Aaperula oligantha. 

Com POSIT a: : Olearia stellnlata , Celmisia lonyifolia (Silver 
Daisy), Brachycome *capigera y B. discolor , Podolepis longipedata, 
Leptwrhynchos $quamatus y Hdiehrysum scorpioides , //. ledi- 
folium y Erechtitrs quadrulentata (a broad-leaved form), Senecio 
peclinatu8 } Microaeris Forsterx. 

Thirteen species of ferns were found within the Territory, the 
most of them being in sheltered portions of the mountain-slopes. 

Of the Grandness or grasses, twenty-one species were noticed, 
four of which were naturalised Probably several native species 
escaped notice during my hurried visits. Poa ccespitosa , the 
Snow-Grass or Snow-Tussock, is an interesting plant in view of 
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its very wide range in Australia and New Zealand, and its 
adaptability to environment. Along the coast it is often known 
as u White Tussock,'* because of its pale grey colour, and is 
regarded as an indication of good forest-land; it may occur 
within a short distance of the ocean, and sometimes, in favoured 
situations, grows into robust plants of three to four feet high. 
It shows its disregard for climatic effect by climbing from sea- 
level to upwards of 6,000 feet, where, owing to the influence of 
more rigid conditions, it becomes matted and dwarfed, losing 
much of the tussocky form, and in summer is most useful as 
sheep-fodder. 

Among the Liliaceae, the somewhat succulent little plant, 
Bnlbine bulboaa , was found in various places, including the 
summit of Tidbinbilla. This species has an extended range in 
Eastern Australia and Tasmania, and in addition to being found 
at elevations of 5,100 feet, as in this case, its yellow flowers are 
conspicuous every spring in the much drier interior at such 
places as the Macquarie and Lachlan Rivers. 

The little terrestrial orchid, Caladenia dimoipha , was only 
noticed within a few yards of the actual summit of Tidbinbilla, 
while C . alba was seen a few hundred feet lower, 

Casttarina stricta (She-Oak) was found on various hills, in- 
eluding Ainslie, Majura, Strom la (2,560 feet), and Mugga Mugga 
(2,662 feet), near Tharwa, and also to the west of the NaaB River 
on the ascent to Gudgenby, where it was growing on the northern 
or warm side of granite-hillB at elevations up to 3,000 feet. I 
have not found it at an altitude exceeding this.* 

Camarina Cunninghamiana (River-Oak) occurs along the 
banks of the Murrumbidgee up to within about four miles of 
Tharwa; above this point, the oountry is evidently too cold for 
it. This is an attractive-looking tree and always grows within 
reach of fresh water, but is restricted in the extent of river it 
will follow, by the degree of cold in tbe highland and warmth 
in the lowland. This Oak-tree may be found on the rivers from 
Tropical Queensland southerly to the Murrumbidgee and its 


For previous remark*, nee These Proceedings, 10OU, Vol, xxxiv,, p.326, 
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tributaries, but is not recorded from Victoria. The first refer¬ 
ence to its absence from the Murray or Hume River is that by 
Hovell and Hume in the report of their exploration from Goul- 
burn to Port Phillip.* When referring to the river, their note 
reads ; “but there was no swamp-oak, the tree so universal on 
the rivers to the northward and eastward ” (p.44).f 

A small clump of Casuarina Lnehmanni t the Bull Oak of the 
interior, was found near where the CJundaroo Road, at about 2\ 
miles from Queanbcyan, pusses the Molonglo River. The trees 
wore confined to a high, steeply sloping, volcanic tuff Itank of from 
40 to 70 feet deep, on the southern side of the River, and, while 
facing a northern aspect, were well sheltered from the cold south¬ 
erly influence (Plate lxxi.) Although the branches and stems 
of some of the Oak-trees reached above the bank, it wus noticed 
that their bases were all below the summit, which signifies that, 
in the early seedling-stage, the plants require shelter to allow 
them to become established. The finding of these trees in the 
Territory was a matter of great surprise, for the nearest locality 
where they arc known to me is between Cootamundra and 
Temora, a distance of about 80 miles in a direct line, though 
some may possibly have occurred at intervening spots along the 
valley of the Murrumbidgee. The species is one having a very 
wide distribution, extending from the south-eastern portion of 
South Australia, across part of Victoria and the whole of Central 
and part of Western New South Wales, continuing along the 
eastern portion of Queensland at least as far as Biboolira, west 
of Cairns, in latitude 17*; and, in places, pushing through low 
gaps in the mountains, towards the east coast, but usually select¬ 
ing a warm climate. It comes through the Cassilis Geocol and 
down the Hunter Valley to near Ravensworth and Pokolbin, 
where it overlaps the coastal salt or brackish-water Swamp-Oak 
(C\ ylauoa) % and it may be seen from the train between Bunda- 
berg and Gladstone in Queensland. In 1899, a few trees of 

* Journey of Disoovery to Port Phillip, N, S. Wales, in 1824 and 1925, 
by W. H. Hovell and H. Hume. 

t For some previous remarks, see Joum. Proo. Roy. Soo. N. S. Wales, 
VoL xlix., p.399(1915). Also, These Proceedings, 1901, Vol. xxvi., p.685. 
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dwarfed Bull oak wore seen on the southern hank of the Fish 
llivcr, near O'Connell, in the Bathurst district, and these were 
growing under somewhat similar conditions, and at approxi- 
mately the same olo\ation, about 2,100 feet, as those under dis¬ 
cussion on the Molonglo River, which are also rather diminutive 
specimens, ranging from 12 to 20 feet high, with a btem-di&xneter 
up to 9 or 10 inches in a few cases. 

The question that naturally arises is, how did these trees find 
their way to this spot so far from their congeners 1 Dispersal 
of seeds by wind can probably bo ignored in this case, and dis¬ 
persal by birds, though much more likely, can scarcely be shown 
to account for it, although this possibility calls for consideration. 
There are very few spots within the Fodoral Territory where 
seedlings of this species would survive without special care, 
owing to the coldness of the winter climate. The birds which 
chiefly feed on Casuarina seeds by tearing open the small cones 
are of the cockatoo-family, CalyjHorhynchus virid'is, the Glossy 
Cockatoo or so-called Macaw, and there would be nothing re- 
markablo in finding that one of these birds had visited l>oth the 
Cootamundra and Queanbeyari districts within a few days. At 
the same time, there is the coincidence to l>e accounted for that 
a seed should be deposited in one of the few spots which would 
result in the production of a mature tree. It must also be borne 
in mind that this is a dioecious species, the male and female 
flowers occurring on separate trees, so that it would be necessary 
that seeds, producing a pair of trees, should reach the same 
locality before the species could become established. 

It may be considered possible that the seeds were conveyed 
by natives, but the seeds ripen in midsummer and fall out of the 
cones within a few days (usually two), after being gathered, and 
the natives would, therefore, have required closely woven bags 
to retain them. 

The genus is known to be an ancient one, having been identi¬ 
fied in fossil form in the Tertiary flora.* This particular species 


# Ettingshausen, “ Contributions to the Tertiary Flora of Australia," 
p. 107. 
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is probably old, considering its wide distribution, and if repre¬ 
sentatives bad been growing in this vicinity, at the time of the 
Eastern Australian uplift in late Tertiary time,* which seems 
quite possible, some plants may have survived, during the gradual 
upheaval, and their descendants, on finding the new conditions 
too cold, would gradually have become restricted to the warmer 
and more sheltered nooks where the geological formation was 
favourable to their growth, and would, thereby, come under the 
heading of relics or stranded plants. A difficulty about accept 
ing this explanation is that this Oak is u warmth-loving species, 
and, at an elevation of 2,000 feet, would have found it difficult 
to survive the Pleistocene glacial period which is generally re¬ 
garded as of subsequent date to the uplift that formed the pre¬ 
sent mountains. The fact is dear, however, that these particular 
Oak trees are now growing near the Molonglo River, and although 
they certainly appear to be stranded plants, the process by which 
they reached this spot must remain unsolved, at least for the 
present, 

Grevillea juniperina is one of the most attractive shrubs 
within the Federal Territory, chiefly becauso of its beautiful, 
red, spider-like flowers. It was noticed on the righf bank of the 
Murrumbidgee near its junction with the Cotter, growing as 
thick spreading bushes up to 10 feet high (Plate lxxii.). It was 
flowering in November, and among the birds, which were evi¬ 
dently after its honey, were the Leatherheads ( Trop*dorhynchus 
carniculatm). At Mongarlowe, near Braid wood, this species 
was seen in November, 1908, with yellow, as well as red flowers, 
and" in several cases both colours were noticed on the Bame plant. 
The feature has been observed by others. 

BanMa marginal# (Honeysuckle) was seen in many portions 
of the Capital Territory, ascending to an elevation of 4,000 feet, 
and occurring chiefly in the granite or somewhat siliceous areas. 

The trees appear toreach greater dimensions than do those of 
this species in the Sydney district, and examples were seen with 

# “Geographical Unity of Eastern Australia,” by E. C. Andrews, B.A., 
Journ. Proo, Roy, Soo. N. 8, Wales, VoL xliv., p.420{ 1910).—Presidential 
Address by C. Hedley, F.L.S., These Proceedings, 1911, Vol. xxxvi., p.13. 
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trunks up to two feet in diameter and a height of twenty feet. 
Some of the finest are growing in granite-formation around Boo- 
rootnba (Plate lxxiii ). Although this Honeysuckle always 
avoids soils derived from basic rocks, it has a wide range, and 
is doubtless the species referred to by Hume and Hovel 1 as 
occurring on the Yass Plains in 1824. 

The genus Loranthus (Mistletoes) appears to be only spatsely 
represented in the Territory, and is practically confined to the 
levels Iwlow about 3,000 feet. The Loranthus is not a lover of 
extreme cold, and its genera) absence from part of tho southern 
highlands was noticed some years ago,* while there is no record 
of the genus occurring at a)) in Tasmania. 

Two Hpecies of Drosera (Sundews) were collected, and from 
the paper in which they were pressed, it lias since been noticed 
that when drying, specimens of D. peltala from Gudgenby at 
4,600 feet, dyed the paper pink leaving the impression of stems 
and flowers. 

Of the family Lcguminosir, fifteen species of Acacia (Wattles) 
were seen, and next after the Eucalypts this was the greatest 
number of species found of any genus. 

The plants identified as A . obtusata , from Black Mountain, 
sometimes reach 7 or 8 feet high. Around Mount Coree, they 
are locally known as Blue Wattle, from the slight colouring some¬ 
times appearing ou the leaves and stems, though on many plants 
the bark is reddish-brown. 

Acacia jiravissima grows to a height of from 6 to 10 feet, with 
somewhat pendulous branches. The pods ripen during the latter 
part of December. ♦ 

Oxylobium alpettre was seen as spreading shrubs, semi-pros¬ 
trate, above the 6,600 feet level on Bimberi, and it was notioed 
that the wombats (Phmcolomy$ mitch$U\)> which are fairly plenti¬ 
ful at many places on these highlands, had undermined many of 
these plants, upon the roots or possibly root-nodules of whioh 
they evidently feed. 

* 44 Eastern Monaco,” by R. tt. Gamboge. These Proceedings, 1909, 
VoL xxxiv., p.331. 



tlY R H. CAMBAOE. 


6f*r 


Tetratheca eririfoha was found near Coree and Boo room ba. 
Jt has been noticed, over many years of collecting, that flowers 
of this species and its variety thym\folia keep their pinkish 
colour for years, or very much longer than those of the majority 
of Australian plants, and it seems evident that these flowers 
contain some dye of a fixed nature which is probably worth 
investigating. 

Five species of Pomadciris were scon, distributed over various 
portions of tbo Territory. Unless some disinfectant is used in 
herbaria, the flowers of most plants are attacked by insects, 
orchids, for instance, being devoured in a very short time; but 
plants of the genus Pomaderris seem to possess some resisting 
qualities, as its flowers may remain intact for several years with¬ 
out any special care. 

Brachychiton pojmlneus (Kurrajong) is not common wilhin 
the Capital Territory, the locality being rather cold for it. There 
is one fairly large tree, however, on the summit of a quartzite 
hill within the Capital City site, and from which the hill has 
taken its name. This species is a lover of limestone-formation, 
and in places on the Western Slopes may occupy almost exclu¬ 
sively certain areas where there is a considerable outcrop of 
limestone, ft is remarkable, therefore, that it should flourish 
on this quartzite-hill, the rocks of which contain only a trace of 
lime, according to Mr. J. C. H. Mingaye, but have a high per* 
centage of silica, a constituent which tins plant does not favour 
when present in large quantities. A few Kurrajongs were 
noticed at other spots, notably between the Naas Kiver and 
Gudgeuby, in which locality they were chiefly on the north or 
warm sides of the hills, and by this means were able to grow at 
higher altitudes than usual in this latitude, one tree being seen 
at an elevation of about 2,600 feet above sea-level. 

Viola betomcqfolui and V, kederac no, commonly known as 
Wild Violets, were seen in many shady nooks throughout the 
Torritory, and the beautiful dark blue flowers of the former were 
noticed as far up as between the 5,500 and 6,000 feet levels 
on Bimberi Peak. 
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Of the Eucalypts seen within the Federal Territory, none has 
ho •'rent a vertical range as E . coriacea, which extends from the 
City site at about 2,000 feet, to the summit of Bimberi at 6,264 
feet. On the lower land, it is often known as Scribbly Gum 
from the insect'markings which appear like scribbles on the 
bark, a feature not confined to this species, but on the high 
mountains, where it is dwarfed and grows as a spreading plant 
with several stems, it is usually known as Snow-Gum. 

The largest trees within the Federal Territory are E. yiganlea 
and E fashgata, and both are common on Brindabella Mountain 
near Coreo, the former being known as White, and the latter as 
Black Mountain Ash. 

E. yiganlea was described by Hooker,* but there seems no 
doubt that, when doing so, lie had in his rnind the present tree, 
and also a previously described Btringybark, E . obliqua I* H^rit., 
both occurring in Tasmania, the latter being the more common 
of the two. When the identity of E. obliqua was afterwards 
placed beyond doubt, E. yiganlea was accepted as a synonym. 
In 1900, Mr. K. T. Baker, F.L.S, described this tree under the 
name of E. Delegatensis , from Southern New South Wales,t and 
pointed out its specific characters. In 1913, Mr. Maiden repro¬ 
duced Hooker’s figure of E. giyantea as given in the Flora of 
Tasmania (Vol. i., p 136), and showed how the confusion between 
E . obliqua and E. yiganlea had arisen.! In Hooker’s figure, the 
fruits depicted appear to be those of the Mountain Asb,and not 
those of E . obliqua . 

* The bark of this Ash for about half-way up the trunk is 
fibrous, while the upper portion and the branches are Bmootb 
and white, hence the prefix, white, before the name of Ash or 
Mountain Ash. The timber of this species, though very valu* 
able, is known to be light and fissile, and, on examining seedlings 
of 4-5 feet high, on Brindabella Mountain, it was noticed that 
the wood was exceptionally soft and would snap with only a 


* Loud. Journ. Hot, vi., 479 (1847). 
t These Proceedings, 1900, Vol* xxv., p.303. 
t “Forest Flora of New Houth Wales," Part 11. 
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gentle pressure. So far as T know, the most northern tree of this 
species is about three miles north of Mount Core*.* 

Eucalyptus fastigata is very plentiful along the mountain sides 
under Coree and Tidbinbilla, and as its trunk and large blanches 
are covered with fibrous, brown bark, it ih, in contradistinction 
to the White Ash, called Black Mountain Ash. Its great affinity 
with the giant gumtree of Victoria, E. regnans F.v.M., is well 
known, and since E. fastigata was described by Deane Maiden, 
the latter has expressed the view that it is only a form of the 
former.t At the same time, it appears as & distinct tree when 
seen in the forest, for while the Victorian and Tasmanian repre¬ 
sentatives of E . regnans are tall gumtrees with fibrous bark for 
only 10 or 20 feet at the base, E fastigata, wherever it has l>eeii 
seen over its wide range in this State, has fibrous bark on its 
trunk and large branches. 

E. dives and E. maculosa are often found in association, and 
both will thrive in soils heavily charged with iron. 

E. macrorrhyncha (Hod Stringy bark) is not uncommon, and, 
with E. fuemastoma (Brittle Gum), and a few trees of Exocarpus 
enpresstformi* (Wild Cherry), takes possession of the higher por¬ 
tions of the Black Mountain, all three being lovers of a siliceous 
formation. 

Eucalyptus paJyanthemos {Red Box) is fairly common through¬ 
out the lower levels, and is the form (E. oval folia It. T. Baker) 
with smooth gum-tree bark, except that, in many cases, the bark 
is flaky for a few feet at the base, and as forest- trees are dis¬ 
similar to the rough-barked lied Box of Victoria and around 
Albury. The great lasting qualities of Red Box posts are well 
known throughout the Federal Territory. 

E> elaophora (E . Cantbagei , Mountain-Apple, No.3000) occurs 
at various points, and around Tharwa and Booroomba appeared 
almost white in November, with its intensely glaucous fruits 
and branchlets. 

* For previous remarks on this species under the name of E. delegatensis, 
occurring near Tumbarumba, see These Proceedings, 1004, Vol, xxix., 
p,090. 

t See “A Critical Revision of the Genus Eucalyptus,” by J, H. Maiden, 
Part vii, (1005), 
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E. camphora (Swamp Gum, No.3342) was seen only on Coree 
Crock, near S. A. Shannon’*, though it has a considerable range 
on the highlands of New South Wales, southwards from the 
Rylstouo district. Tn January, 1913, it was found at various 
points on the Omeo-Mount Hothstn Road, in Victoria, between 
the 3,000 and 4,000 feet levels (No.3682). 

The plants identified as Leptospemnum aUenuatum were seen 
up to 12 feet high, chiefly on the banks of streams, and hu\c 
hard, firm, grey hark, and not scaly or flaky hark such as is 
found on plants recognised as of this species occurring around 
Sydney and on the Blue Mountains. 

Kunzea Muelleri was observed in the drier portions of swampy 
areas on the highlands around the Upper Cotter, growing iu 
small masses of about a foot high, and having whitish flowers. 
These plants are associated with Aciphylia nimplicifolia, Epacris 
paludosa, Juneus falcalut, and perhaps Celmisia lonyifolia (Plate 
lxxiv ), 

Kunzea pedunentaris was seen up to 15 feet high, with some* 
what llaky bark, on the river-hanks, ancHt occurs on some of the 
mountain-sum mi is as a tough, stuuted plant of a few feet. Mr. 
John Blundell, of Coree, informed me that the blacks formerly 
split pieces of the wood of this highland form, which they called 
Budawang, and, after hardening it by fire, used it as needles to 
pierce holes in the skins of various animals so that such skins 
might he sewed together for use as rugs. 

Biehea (funnii was found only on the summit of Bitnberi Peak, 
and is an alpine plant with very beautiful clusters of flowers 
somewhat resembling those of Bracopltyttum secundum , which 
grows along the coastal districts. 

Pomax umbellate is growing on the northern slopes of Black 
Mountain, selecting a similar highly siliceous formation to that 
whioh it favours around Sydney and on the Blue Mountains. 

Wahlenhm-gia gracilis (Blue Bell) and Candoltea serrulate 
(Trigger-Flower) were seen at their best at elevations between 
(4,000 and 5,000 feet. Their colours were deeper than usual, a 
common feature with plants at high altitudes, and the two species 
formed separate masses of most charming deep blue and red, the 
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distant blending of which gave n brightness to the open forest, 
and formed a beautiful netting, in one of Nature’s many artistic 
designs. 

Otearia argophyfla (Musk-Tree), which grows to a height of 
over 20 feet, and is regarded as the largest Composite in the 
world, is growing in the sheltered portions of Mount Coree, 
associated with Dicksonia antarctica and Bedford la xa/ictva, thus 
showing that the locality is not exposed to the western or dry 
atmosphere, but is in a zone of moisture resulting from a good 
rainfall on the mountain side. In tins, and similar sheltered 
situations within the Federal Territory, the Lyre Bird, Menura 
snperba, has its home. 


List op Plants. 

The following is a list of plants seen within the Federal Capital 
Territory:— 

HKpatioRas ; Marchantia polymorpha L. f (a cosmopolitan 
species). 

Cyathrackac : Dicksonia antarctica La hi 11., (Tree-ferns on 
Mount Coree). 

PoLYPoniACK.fi : Dryoptent punctata (Thunb.) C. Chr., (Poly¬ 
podium punctatnm Thunb.), Polyatichum aenlealum fL.) Schott, 
(AsptUium aenlealum Swartz), Aaplenium Jlabellifolium Cav., 
Pleuroaoru* tuiijoliu* (R.Br.) f BUchnum cartilagineum Sw. f J ). 
discolor (Forst.) Keys., (Lomaria discolor Willd ), B. penna - 
marina (Poir.) Kuhn, (Lomaria alpina Sprang.), B. cajmist (L.) 
Schlecht., (£. c apenaia Willd.), Cheilanthes tennifoha Sw., (plants 
up to 1 foot 9 inches on Black Mountain), Adiantum athiopieum 
L., (Maiden-Hair Fern), Pteridium agntlinum L. Kuhn., {Pterin 
aquilina L., Bracken), Polypodium diversifolium Willd., ( P . 
tcandenn Labill). 

PiNACKAfi: Calii trie calcarata R.Br., (Black or Mountain Pine). 

Ttphacba ; Typha anguatifolta L., (Bullrush, in G&nbury 
Creek and other streams) 

Potavogbtonaoka : Potamogeton tricarinatu* F.v.M. i it A. 
Bonn., (P. natana Benth., non L), P. perfoUatun L. 

Jovcaginacm: Triglochin procera H.Br, 
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Alismatacka: : Aliama plantayo L. t (along the banka of the 
Molonglo River, and flowering in December). 

Graminsag ; Andropogon affini* R.Br., A . refiactu* R.Br., 
Themeda Forakafii Hack., (Antkistiria ciliaia Benth., Kangaroo 
Grass), Panicnm ejfutmm R.Br., Slip a Bdabra JJndL, (Silver 
Grass), Eekinopogon avatus Beauv., (Saw Grass), Calamayrostis 
femu fa Steud., (Deytuxxa Foret* vi Kunth), Holcim lanatus I-., 
(naturalised), Aira caryophyllca L., (Fairy Grass), Dantkonia 
carphoidea F.v.M,, D> pcnicillata F.v.M., var. aemutnnularia 
F.v.M., Gynodon dactylon Rich., (Couch Grass, common in hot 
and some temperate countries), Chloria truncata R.Br., (Umbrella 
Grass), Pappophorum commune F.v.M., Phragmites communis 
Trin., (Arundo Phrafjmites L ), Ktaler u* phleoides Pers., (natural¬ 
ised), Poa caispitosa G. Forst., (White or Snow Tussocks), Ft*- 
tuna Hooker tana F.v.M., (Sckedonorna Hookeriana Ben til.), F, 
brotnoidfit L., (naturalised), Bromn* maxiinn* Desf., (naturalised), 
Hordeum murinnm L., (Barley Grass; naturalised). 

Cvpreacbje: Kyllinyia intermedia R.Br., ( K . brevi/olia 
Rottb.), Cyperua Banyuineo-fuscu* Nees, G\ Qunnii Hook., (C. 
Incidua R Br.), Eleocharia acuta R.Br., E< cylindroatachy$ boeck., 
Scirpua cemuua Vahl, (A, riparian Benth.), 8. i nundatue Poir., 
8 . Btellatna C. B. Clarke, (S. cartilayineua Benth.), & lacu»tria L. f 
8. polyatachyua F.v.M., Car ex tereticaulia F.v.M., C\ oppreaaa 
R.Br., (7. Gaudichaudiana Kunth, C. paeudo-cypem* L. 

Rkstionaceab : Reatio australis R.Br., (at Gudgenby), Hypo- 
Icena lateriflora Benth. 

JuNCAC&AE; Luzula campestri» DC., Jttncua bufonina L., J, 
plebeius R.Br., (./. homalocauUa F.v.M.;, J. pallidua R Br., •/. 
rodula Buch., J\ vaginatua R.Br. t J, polyanthcmoa Bueh., •/. pri*■ 
malocarpns R.Br., J . Fockex Buch., J . lamprocarpus Ehr., J. 
falcatus E. Mey. 

Liliackje: Anyuillaria dioica R.Br., ( Wurmbea dioica F.v.M.), 
Bulbine bulboea Haw., Thyaanotua tuberosus R.Br., (Fringed 
Violet), Arthropodium paniculalum R.Br., 2’ricoryne elatior 
R. Br., Slypandra glauca R. Br., Dianella taamanica Hook., D, 
revoluta R.Br,, Xerotea longifolia R.Br., X . tmUHJlora R.Br., 
X. JU\formi$ R Hr., X. glauca R.Br., Xantkorrhcea sp. (Grass- 
Tree, at Lower Cotter and Booroomba). 
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Amaryllidacra : Ilypoxis hyyrometrica Labill. 

Orchidagra : Gastrodia sesamoides R.Br., Thelymitra 

venosa R. Br., Diuri* macufata 8m., (Spotted Orchid), D. aul 
phurea R.Br., Prasophyllum fitscnm R.Br., (\)Pterostylis curta 
R.Br. f (1)/*. obtusa R.Br., (near Gudgenby, at 4,700feet), P. rn/a 
R.Br., (at Booroomba, a form with very short points to the 
sepals and petals), Catadenia testacea ll.Br., C\ alba R.Br,, (on 
side of Tidbinbilla), C. dimorpha Fitzg, (on summit of Tidbin- 
billa). 

Cabuarinka : Catuarina stricta Ait., (She-oak, C . quadri- 
valvis), C , Luehmanni R. T. Baker, (Bull-Oak), V. Cunning- 
hamiana Miq., (River-Oak). 

Urticacea: Urticaincisa Poir., (Nettle), Auetralina pnsilta 
Gaud. 

Protracra; Persoonia chamcBpeucc Lhotsky, (Prostrate Gee- 
bung, at Gudgenby), Orites lancifolia F.v.M., (on Mount Biiu- 
bori), Grevtllea tanigera A. Cunn., G . jnnxperxna R.Br., (at junc¬ 
tion of Murruinbidgee and Cotter Rivers), G. australis R.Br., (a 
very narrow-leaved form), //aha sericea Schrad., (//, acicularis 
R.Br.), H . mxcrocarpa R.Br., Lomatia lonyifoha R.Br., Banksia 
marginata Cav., (Honeysuckle). 

Santalacka : Eococatyms eupressiformis Labill., (Native 
Chersy), E. stricta R.Br., Choretrum epicatum F.v.M., Ompha - 
comeria acsrba A. DC. 

Lorantuacra : Loranthus pendulus Sieb., (Mistletoe, with 
Eucalyptus dives as host). 

Polygonacra: Bumex Brownxx Campd., B. acetoseUa L., 
(Sorrel; naturalised), Polygonum prostratum R.Br., P, minus 
Huds., (Smart-Eye, in bed of Murrumbidgee and other streams). 

Ohmopodiacra : Chenopodium triangulare R.Br. 

Oaryofhyllacra : Sxlene gallica L., (naturalised), Cerastium 
vulgatum L., (Mouse-ear Chick-weed, naturalised), Stellaria 
pungent Brong., Spergularia rubra Camb., Tunica prolxfera 
Scop., (Dianthus, naturalised), Scleranthus biflams Hook., 
(Cushion-Plants forming green compact mats). 

Ramuhovlacra: Clematis arxstata R.Br., C. mierophylla DC., 
Ranunculus aguatilis L.(?) t B. lappaceus Sm., (Buttercup), R. 
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hirtus Banks and Sol, (/?. plebeiua R.Br.), R . riWoris Banks and 
Sol., R . parvijlorua L 

MagnoliaCE iE ; Dmmya aromatica F.v.M,, (Peppercorn). 

Monimiacka; : llndycarija anynatifoHa A. Cunn., (H . Cnnnivy- 
hamii Tul, Native Mulberry). 

Lauhacka : (Jaaaytha phtvolaaia F.v.M., (Dodder), (?, melanthn 
R.Br, 

Ohucifrr^e : Cardamine hirsute L., var. tennifolia F.v.M., (C. 
tenui/olia Hook.). 

Dkohkrace4: : Droaera pcltata Sm., (Sundew or Fly-catcher), 
D. auriculata Backh 

Chabbulacrac : TiUtra verticil I aria DC. 

Pittospokaceac : Marianthus procumbent Benth., Buraaria 
spinosa Cav., (Whitethorn), BWardiera ucanden* Sm. t (Roly-Poly 
Vine). 

Rosacka: : Rubus parvi/olins L., (fledberry), A coma ovina 
A. Cunn, A. sanpuisorbts Valil, (Burr). 

Lkouminosac; Subfamily Mimosoidew: — Acacia tanigera A. 
Cunn., var. venuloaa , (d. vtnufosa Benth , on Black Mountain), 
A. sic ulifarmia A. Cunn., (at Tidbinbilla and Gudgenby), A . 
diffusa Edw., (Prickly Wattle), A . armala lt.Br., (Kangaroo- 
Thorn, on Mount Ainslie), J. vernicijlua A. Cunn., A . pettni- 
nervia Sieb., (Mountain-Hickory), A. obtuaata Sieb., (on-Black 
Mountain and Coreo), A. rubida A. Cunn., (Red-l6aved Wattle), 
A. buxifolia A. Cunn., A. praviaatma F.v.M., (Cotter River near 
the dam, and on the divide between the Gudgenby and Cotter 
waters, at 4,500 feet), A . Damoni R. T. Baker, (near Gundaroo 
Road from Queanbeyan), A . melanoxylon R.Br., (Hickory or 
Tasmanian Blackwood), A . impUxa Benth., A . decurrena Willd., 
var. mollia, (Green Wattle, seen only in the northern or lower 
portion of the Territory), A . deolbata Link, (Silver Wattle). 
Sub-family Papilionat *;—Trifolium arvenas L., (Hare's-foot Tre¬ 
foil, naturalised), Oxylobium eliipiicum R.Br., var. cdpinum, (on 
Tidbinbilla at 4,500 feet, and on Bimberi at 5,300 feet), 0. 
alpeatra F.v.M., 0. Pultsneat DC., 0. ftrocnmbans F.v.M.(1), 
Afirbelia oxylobioxdea F.v.M., Qompholobium Husgelii Benth., 
<?. yrandyfUn'um Hm.fi), 0 . uucinatum A. Cunn., Davieaia eorym* 
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bona 8m., 2). nlicina 8m,, Pnltemra AfuelUri Benth.(l), (on Briu- 
dabella Mountain), /*. procumbens A. Conn., (at Rooroomba, on 
granite at 3,700 feet), P. jasciculala Bentli., (at 4,500 foot, Gud- 
genby to Ootter River, rare in New South Wales), Dillwynia 
ericifolia Sin., var. phyltooides , Platylobintn for mo mm Sin., 
(around Ooree), Bossiwa bux folia A. Cunn. t (at Booroomba), B. 
Wmlkeri F.v.M., (5 feet high, with a cluster of from 30 to 40 
stems; at junction of Murrumhidgee and Cotter), Hove a linear is 
R.Br., Lotus corniculatus L., (Upper Cotter), L . au««ro/i« Amir., 
(Upper Cotter, flowers purple to pink), Indiyofera australis 
Willd., (Indigo), Psoralea arhcendens F.v M., Sivaimana tephro- 
tricha F.v.M., Zinnia diphylla Pcrs., Desmodium varians Endl., 
Glycine clandest>na Wendh, (?. Lalrobeana Henth., (with blue 
flowers among the grass, on the City site), Jlardenberyia mono- 
phyUa Benth., (False Sarsaparilla). 

GuitANiACKAS: Geranium dissectnm L., Erodinm cyynorum 
Ness, E. cicntarinm Willd., (naturalised), Pelaryonium australe 
Willd. 

Oxamuackab ; Oxalu oorniculata L., (Sour Grass). 

Rutackje : Boronia polyya! folia Sm., Eriostemon myopor aides 
DC., Phebalium squamulosnm Vent,, var. atpinum, (at 4,500 
feet on Corse), Correa sjwciosa Andr. 

Trkmahduacra: : Tetratheca ericifolia Sm. 

Por.YGALACB/F,: Comesperma retnsum Labill. 

Eophorbiaokas : Phyllantkus thymoides Sieb., Euphorbia 
Drnmmondii Boiss., E. Lathy run L. # (naturalised), Poranthcra 
mierophylla Brongn., Beriya olemfolia Planch., (near Murrum- 
bidgee and Cotter junction). 

Staokhouaiaoka ; titackhouria linariifolia A. Cunn., (8. 
monogyua Labill ), 8. viminea Sm. 

Sapindackab : Dodouata viscosa L., D. attenuate A. Cunn. 

Rhamnaobjb : Pomaderris elliptica Labill., (on Black Mount¬ 
ain), P. a petal a Labill., P. prunifidia A. Cunn., i\ racemosa 
Hook., P. phylie folia Lodd., Cryptandra spinescens Sieb., Dis- 
caria australis Hook., (low prickly bushes, with sickly-sweet 
flowers). 

Malvacub; Playianthus pulchellus A. Gray, also var. 
55 
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tomentoaua Hook., Malm rotnndi/olia L., (naturalised), Modiola 
multifida Momch., (naturalised). 

Strrculiacr^: : Hr achy chiton populneua R.Br., (Sterculiu 
diveratfolia G. Don, Kurrajong) 

Dilleniaor*: : I/tbbertia atricta R.Br., H . aerpylli/olia R.Br., 
//. linearis R.Br., vur. obtusi/olia . 

Gum VERAS : Hypericum japonicum Thunb., also var. yrami- 
neum F.v.M. 

Viola oka: : Viola betonierr/ofia Km., (Native Violet), V. 
hederacea Labill. 

Tiiymrlaeaceac: Pimelea ylanca R.Br., a form with very 
narrow and acute involucral bracts, P. colorans A. Gunn,, P. 
Imifolia Sin., P. figustrina Labill., also var. hypericina Benth., 
P. panciflora li.Br., P . curviflora R.Br., (No. 3473, three feet 
high, near Uudgonby). 

Lytiirackac: Lythrum salicaria L., (a swamp plant), L. 
hysBOpi/olia L, 

Myiitackas ; Eucalyptus atellulata Sieb., (Sally), E coriacea 
A. Gunn., (Snow-Gum), E. amygilalina Labill., (Peppermint or 
Messmate), E. fastiyata Deane and Maiden, (Black Mountain 
Ash; around Mounts Coree and Tidbinbilla), A\ dives Sch&uer, 
(Peppermint), E. yiyantea Hook, (E DeUgatenais R. T. Baker, 
White Mountain Ash), E . macrorrhyncha F.v.M., (Red Stringy- 
bark), E. hasmastoma Sm., (Brittle Gum), E mdliodm'a A. Gunn., 
(Yellow Box), E. poly ant hemos Schauer, (Red Box), E, rubida 
Deane and Maiden, (a White Gum, with orbicular reversion- 
foliage), E. maculosa R. T. Baker, (a gum-tree, slightly spotted, 
but distinct from the Spotted Gum of the coast), E. camphora 
R. T. Baker, (on Gondore Creek near Mount Coree), E. aggregata 
Deane and Maiden, (a few trees seen on a flat on western side 
of Bungendore Road, between the 48 and 49 mile posts from 
Goulburn), E. elmophora F.v.M. ,(E. Cambayei Deane and Maiden, 
Mountain Apple), E, Bridgssiana R. T. Baker, (Apple-Tree or 
Woolly butt; recognised by Mr. Maiden as E . Stuartiana F.v.M.), 
E. viminalis Labill., (White or Manna Gum), E. Blaknlyi Maiden, 
(Forest Red Gum), E . dealbata A. Gunn., Leptospermum jlavts - 
tens Sm., var. obomtum F.v.M., (uear summit of Mount Coree), 
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A. sooparinm Forst,, (Tea-tree, the narrow-leaved form), A. lani - 
gerum Sin., (along the banks of creeks; trees 30 feet high along 
the damp gullies on the slopes of Bimberi, just above the 5,000 
feet level), L . slelfatnm Cav., A. attonuatnm Sin , A. myrtifblium 
Sieb., L. tril-ocnlare Vent, (with silky hairy calyx-tubes and 
leaves, on Black Mountain), Hanzen Muelferi Heuth., (at 4,500 
feet, on divide between Gudgenby and Cotter Rivers), K parvt- 
folia Schauer, (between tho 7 and 8 mile posts, Queanbeyan to 
Tharwa Roud), K. jteduneularis F.v.M., (on banks of Murrum- 
bidgee and other streams, also near the summits of Coree and 
Tidbinbilla; in full flower early in December), Callietemon pain- 
dams F.v.M., in bed of Molonglo, Murrumbidgeo, Paddy’s and 
Cotter Rivers, flowering early in December, flowers creamy- 
purple), C. lophanthus Sweet, (near the summit of Mount Tid¬ 
binbilla), C. Bieberi DC., near the summit of Mount Bimberi), 
ftteckea Gnnniana Schauer, Calycothrix (Calylhrix) telragona 
Lftbill. 

OknotherackvE : Epilobium glabtllum G. Forst., Oenothera 
biennis b., (Primrose, naturalised). 

Uacohruaoaok^; ; Halowhagis tslragyna (Labill.) Hook., //. 
miemntha (Thunb ) R.Br., Myriophyllnm propinquum A. Cunn. 

A ha li ackjb: Ttcghemopnnnx sambuci/l lius H. V iguier, (Panax 
sambuctfoliue Sieb.), Astrotricha hd{fblia DC., (on Black Mount¬ 
ain and Coree). 

Umbklmfrr*: : Hydrocotyle laxiflora DC., (//. CanddUi 
F.v M.), Didiscus humilis Hook., (Trachymene humifis Bentb.), 
Trachy men e Billardieri F.v.M., (Siebera Bilim dieri Bentb , on 
Tidbinbilla), Oreomyi'rhi* andicola Endl.,(Native Oarraway-seod), 
Aciphylla simplicifbha F.v.M., (in damp spots on the highlands 
around Gudgenby and Bimberi), Daucus brachiatus Sieb. 

Epaciudageas : Styphelia triflora Andr, Melichrna urceolatus 
R.Br., Lissanthc etrigosa Sm., Leucoftogon lanceolcUus R.Br., A. 
virgalus R.Br., A. flookeri Bond , A. hifloms 11. Br., A. Fraseri 
A. Cunn., Monotoca scoparia R.Br., Acrotriche aggregates R.Br, 
A. eerrulata R.Br., Brachyloma daphnoxdes Benth., Epacris pafu ■ 
dosa R.Br., E. brevtfolia Stapf, (at 3,000 feet on Mount Coree), 
E, scrpyllifolin R. Br., E. microphylla R.Br., Riehsa Qunnix Hook. 
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Pkimulackjk; Anagallia wn'enaia I*, (Pimpernel, naturalised). 

(4 kntianackas *, Enj threw australis H.Br., Limnauthrmum 
creuatum F.v.M., (an aquatic plant, with beautiful yellow, large, 
fringed Mowers; in Molouglo River). 

CoNVolvulapka;; (Jimndvidns erubmeevs Kims, 

IJoaiiAuiNACKAi; Uynnylos&um auatrale lt.Br. 

Lauiatac ; .1 fnitha laxiflorn Kent!)., J/. australis R.Br.,(Ponny 
Royal), M. saturejoides H.Br., Salvia rerbnmeea L., (naturalised), 
Prunella (Prunella) vulgaris DC., Scutellaria hum ilia R.Br., 
Prosfnnfltera lasiauthm Ijabill., (Native Lilac, called Turpentine- 
Buali at Corec), P. amenta Booth., Wmiring in ernnicnla A. 
Cunn., (white flowers; opjxjsitc junction of Mumunbidgeo and 
Colter), Ajnga auslndis R.Br. 

SolanAOK£: Solatium nigrum L., S, simile F.v.M., S. opacum 
A.Bi\, (naturalised), Datura stramonium L., (naturalised). 

SoHOPHULAHiACKiB: Mimufus moschatns Dougl., (naturalised), 
(Sratiola Peruviana L., (Brook-Lime), 0\ naua Booth., formica 
per/oliata R.Br., (on the highlands, with l>cautiful blue flowers), 
V. Derwent in Little)., I r . gracilis H.Br., K. vtdycina R.Br., 
Euphrasia Brotvnii F.v.M., (on Corns and at 4,500 feet on Tid- 
binbilla), Verbosenm btattaria 1j,, (naturalised). 

Lkntiuulahiac'K.k: Utrieulnrin dicfuUoma Labil)., var. unijlora 
Booth. 

Plantaoinackac ; P/antago mria R.Br. 

lit; buck a; : Coptvmna kirtella Labi 11,, (at 4,000 feet, on 
giauite, at liooiwinlai, also tow aids the summit of Tid binbilla), 
Pmmuc umbel f of a Hoi., Aspwula oligaidha F.v.M., also var. 
scojxtria F.v.M., l/alinm umbntsum Sol. 

Cafuikoliackas ; Sambneu* Gaudichaudiana DC. 

Cucuubitack.k ; Cucumis myriocarpas Naud., (small melons, 
naturalised). 

Campaxulackas; Lobelia dentata Cav., Z. pedunculate* R.Br., 
Isotoma Jluviatdis F.v.M., WaMenbergia gracilis DC. 

OoooBNiACBAe; Velleia paradoxa R.Br., Gcodenia hederacea 
Hip., 0. pinnalifida Schlecht. 
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CaNDOLMGACKA: (Stylidiaceie): CandMn sermlafa Lai nil., 
(Sfylidium graminifolinm Sw., Trigger-Flower). 

Com POSITA5: Olcaria nwyalophylla F.v.M., (around Corcc; and 
Tidbinbilla), 0. chrysophylla Be nth., O.aryophyl/a I>al)ill,, (Musk- 
Tree), 0. stellufata DC., Crhnisiu tonyifoUa Cass, (Aster cdnnsia 
F.v.M., Silver Daisy), Vittadinia australis A. Kick., Calotis 
Mcohioai/blia Solid, and F.v.M., tar. iutegrifolia, Ltigeiujphom 
Billardieri Cass., Bmckyeome saipiyrra DC., ft. seapi/ormis I.KJ, 
(on Coree and near Gudgenby at 4,500 feet), ft. Sidwi IKJ.(!), 
ft, discolor C. Stuart, Cota! a Jilicula Hook., Cvntipeda C mutiny- 
hatnii F.v.M., (Jraspedia Rwhea Cass., (Bachelors’ Buttons), 
Cass in ia mulmkt R.Br., (at Booroomla and Coree), C, fongi/blut 
It. Hr., (at Gudgonby), C, yninquefaria H.Br., Podolrpi* hmgi- 
pedata A. Cunn., also var. robnsta Maiden and Betclie, P. 
canwcens A. Cunn. Leptorrhynchos squamatns I>iss., Ihlichrymin 
*evrpioidp$ Labill., //. Ineidnm Henck., and var. viscosum, in. 
bractealum Willd., "Everlasting Flower”), //. apiculatum DC., 
U, semipapposum DC., //. ledi/olium Be nth., 77. rosmarin ifotturn 
Lew., var. thyrsoideum Ben tin, (at 5,000 feet on Bimberi), 7/. 
fttirtinyii F.v.M., (at 4,000 feet on Bitnberi), 77. baerhuroides 
F.v.M., Hdipterum anthemoides DC., 77. incanum DC., 77. rft- 
morpholcpis Benth., Onaphalium japonicum Thiinb., (§\ par pa- 
ream L,, ftlnttrlinnn MneUeri Bond., Erschtite* mixta DC., E, 
quadriderUata DC., Senecio peclinatu* DC., .S', dryndens Sink, (.S', 
australis A. Rich.), ftedfordia salicina IK)., (near Mount Coree, 
and locally called Adam's Flannel from its tomeutosc, Manuel- 
like leaves), Cymbonotns Laivsonianus Gaud., Ventanrva calci - 
trapa L., (Star-Thistle, naturalised), V. solstitialis I.., (naturalised), 
Microseris Fvrsteri Hook., (a yam, with yellow Mowers), 7/y/x>- 
cEasris radiata L., (Dandelion, naturalised), Picris hieraciuides L., 
(naturalised), Carduns pyonoceftkaltis L, (natutalised). 

Comparison with Tasmania. 

Although the plant-associations found on the high points appear 
to disclose certaiu facta, it has to be remembered that an assem¬ 
blage of plants is not only regulated by climate, but by geological 
formations as well. In discussing those plants noticed on Tid 
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hinbilla at 5,100 feet and on Bjniberi at 6,200 feet, some inter¬ 
esting feature** are brought out. On Tidbinliilla, the Families 
with most representatives were Myrtaeeie and 1 jeguminosw, with 
four speeies each, while Coinpositie had thi'ee species. Curiously 
no species whatever of Ijuguinitiosn! was noticed on the summit 
of Bimlieri, while Myrtaeeie had three, hut CouqHiKite had 
eleven. 

.Before conclusive deductions could be drawn from a record 
such as this, it would l>o desirable to have a more systematic 
examination carried out than time permitted me to make, and 
over a greater number of levols. Tt is not remarkable, however, 
that this limited record shows that the Composite, which are 
considered to lie the largest Family among flowering plants, should 
be the most numerous at the higher levels, for they are known 
to be able to resist the cold. On the other hand, masses of a 
few species of Composite may be seen on the hot western plains 
of this State, in places forming the dominant vegetation. 

In connection with distribution, it is of interest to make a 
comparison with Tasmania. There the Family Composites pre¬ 
dominates, and contains more species than Ijeguminosiu and 
Myrtaeeie combined, the figures lining approximately—CoiuposiUe 
110, Legumiuosie 60, and Myrtaeeie 40.* 

From the list of plants collected by me within the Federal 
Capital Territory, the Families, according to numbers of species, 
are arranged iu the following sequence—Ijeguminoste 43 species, 
Composite 42, and Myrtaeeie 34. These figures may be modified 
by further discoveries, and the first two Families may even 
change places. 

The genera are represented in the following order: Eucalyptus 
(Myrtaeeie) 19 species, Acacia (Legumiiiosw) 15, Juncuu (Jun- 
cacece) 10, and Helichrysum (Composite) 8. 

Out of 27 species noticed on the summit of Tidbinbilla, at 
5,100 feet, 15 of these, or 55%, occur in Tasmania; while on 
Bimberi, at 6,200 feet, 22 out of 30 species, or 73%, are found 
in Tasmania. 

"The Tasmanian Flora,” by Leonard Hodway, UM.U.,(MK)3). 



BY R. H. UAMBAGR. 


711 


As an evidence of considerable similarity in climate, it is 
pointed out that, in the whole of the Federal Capital Territory, 
’161 native species were noticed, of which '263, or 65%, are also 
indigenous in Tasmania. 

J wish to express my indebtedness to Mr. .T. H. Maiden, 
F.K.M, tbe late Mr. R Betclic, and Mr. K. Churl for assistance 
and corrolwration in the identification of plants. To Mr. 0. li. 
Scrivener, I.X.O., Director of Commonwealth l^ands and Sur¬ 
veys, I am grateful for having ufforded me the opportunity and 
facilities for visiting the various points w ithin the Federal Ter¬ 
ritory; while to Messrs. Charles H. McKeachnie, of Booroomha, 
and Marmaduke W. Ijee, of (ludgenhy, my thanks are due for 
hospitality and personal guidance to the summit of Tidhinhillu, 
and the head of the Cotter Kivcr respectively; also to Mr. John 
Blundell for his CReort to the summit of Mount Coroe. 1 have 
also to thank Mr. A. J. Hare, Under Secretary for J^nds, and 
Mr. r K 15. Harknesw, Under Secretary, Chief Secretary's Depart¬ 
ment, for information concerning the early reconls of settlement 
in the locality. 

KXPLANATION OF PLATKN LXX1.-LXX1V. 

Plate lx xi. 

(Iwuuirina Luthmanm H. T. Baker; growing under shelter of hank on 
Molonglo River. 

Plate lxxii. 

QrtA'iHea juniperma R.Hr.; near Cotter and Murrumbidgee Rivers. 

Plate Ixxiii. 

Bankma maryinata Cav.; in open forest granite-country at Booroomha. 

Plate lxxiv. 

Swampy plain, with kuntca Muelteri, AciphyHa *imptic\fotia y JSpacri s 
patiidofta y J uncus falcatn** and bhicalyptns corutcea; between Gud- 
genby and Cotter River, at about 4,000 feet level. 
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0RDTNA11Y MONTHLY MEETING. 

Novrmbbk 27th, 1918. 

Professor H. G. Chapman, M.D., B.8., President, in the Chair 

Before proceeding with the formal business of the Meeting, 
the President reminded Members of the supremely important 
events that had transpired in the interval since the last Meeting 
—the signing of the Armistice presaging a victorious peace, and 
the vindication of the strenuous efforts of the Allied Nations to 
re-establish Bight and Justice, as opposed to Might and Cunning, 
as the basic principle of International relations. 

The President moved the following resolution, which was 
earned by acclamation, the audience rising:—“That the Members 
present at this Meeting desire to ailinn their loyalty to the King 
—to record their thankfulness for the cessation of hostilities, as 
the prelude to a triumphant peace: their gratHpde for, and ap¬ 
preciation of, the services rendered to the cause of humanity by 
the Allied Armies and Navies (including those who have so 
worthily represented the Common wealth), and by those, both 
women and men, who have co-operated with them: and their 
sympathy with the bereaved" 

The National Anthem was sung, and cheers given for the King. 

A letter from Lieutenant G. Goldfinch (written from Havre, 
18ih September, 1918) returning thanks to Members for greet¬ 
ings and a friendly message of sympathy when he was in hospital 
in England, in the early part of the year, was communicated to 
tiie Meeting. 

The list of the names of Members on the Honour Boll—only 
three of whom had yet returned—was read by the Secretary, the 
audience standing. Mr. F. Turner and Dr. C. Hall expressed 
the hope that the Honour Roll would takei a permanent form— 
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a matter that has not been overlooked, hut, at present, the records 
available are incomplete. 

Mr. J. H. Campbell, Hon. Treasurer, said that, as the only 
way open to the Society in itH corporate capacity, to help the 
cause of the Allies, it had subscribed to all the War Loans, the 
total amount being £37,000. 


The President reminded Candidates for four Linnean Macleay 
Fellowships, 1919-20, that the 30th inst. was the last day on 
which applications would he received. 

The Donations and Exchanges received since the previous 
Monthly Meeting (October 30th, 1918), amounting to 3 Vols., 
S8 Parte or Nos., 7 Bulletins, 1 Report, and 4 Pamphlets, iweivcd 
from 33 Societies, etc., ami one private donor, were laid upon the 
table. 

NOTES AMD KXIIlMTg. 

Mr. Fred Turner exhibited a teratological specimen of the 
European Plamtogo lanceofata Linn., from Chatswood, in which 
all the spikes or heads had developed a number of secondary 
spikes, in a way that he had not previously observed in this 
species in Australia. 

Mr. E. Cheel exhibited a species of CallUtmnon pachyphyllm 
showing the delayed dehiscence of the fruits, corresponding, to a 
certain extent, to those of C. rigidus described by Professor A. 
J. Ewart (Annals of Botany, xxi., p. 135, 1907). The specimen 
exhibited was taken from a plant cultivated at Aslifield, and is 
7 feet long. It was originally raised from seed collected at 
Bullahdelah, in August, 1911. The seed was sown on 29th 
October, 1912, germinated on 6th November, 1912, and the plant 
flowered for the first time in October, 1914, but no fruits were 
set. In October, 1915, it flowered for the second time, and 
several fruits set; these, in October, 1918, were apparently fully 
developed, and measured 5 mm. in diameter.* In October, 1916, 
the plant flowered for the third time, and again in April of the 
same year; the individual fruits of both of these dusters measure 
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from 7 to 9 nun. in diameter. In October, 1917, a normal crop 
of flowers was produced; and a few spikes appeared in December, 
and again in April of the same year, so that there were three 
flowering-periods. In October, 1918, the plant had a profusion 
of spikeB, and a branch (exhibited) was cut below the fruiting- 
spike of 1915. It will be seen from this, that the fruits were 
normally delayed for three years; and those of 1916 for two 
years, as the valves were unopened; but, ten days after the 
branch was cut, the seeds freely escaped, and some of them, 
when sown, readily germinated. The fruits of the October, De¬ 
cember, and April (1917) flowers were not sufficiently matured, 
as no seeds have fallen from the fruits. It is interesting to note 
that the character of the delayed dehiscence is similar in all 
species of CcUlistemon, except C. viminali *, in which species the 
fruits are fully developed about ten months after the flowering- 
period; and the seeds germinate freely as soon as the twigs are 
cut, and the seeds liberated. Prof. Ewart’s observations were 
made in connection with C. rigidus , cultivated in Melbourne; but, 
so far as the exhibitor knew, C . rigidus is confined to the Port 
Jackson district, and is not a native of West Australia, as stated 
by Prof. Ewart. 
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DESCRIPTIONS OF NEW SPECIES OF AUSTRALIAN 
COLEOPTE It A. Part xiv. 

By Arthur M. Lka, F.E.S. 

LUCANIDjE. 

LlHSOTKH (JHAMMIOUH, tl.sp. 

(J. Black, shining; parts of appendages obscurely diluted with 
red. Sides and undersurface very sparsely clothed, the legs 
moderately setose. 

Head gently and almost evenly convex, a fairly large notch on 
each side, front incurved to middle and almost impunctate; with 
large, round, dense punctures at sides and alx>ut eyes, becoming 
smaller towards middle of base. Mandibles not very large and 
almost Bimple. Eyes small, round, completely enclosed, and four 
in number, the lower ones slightly smaller than the others. 
Antenna with three apical joints moderately large, the apical 
one truncated. Prothorax with sides and base margined, sides 
lightly sinuous, dilated to near apex; with large, round, dense 
punctures on sides, becoming smaller towards middle, the middle 
itself almost impunctate and evenly convex. Elytra scarcely 
longer than head (including mandibles) and prothorax combined; 
each with four, rather wide, shining, impunctate lines from base 
to beyond the middle, elsewhere with crowded and comparatively 
small punotures, but a few larger ones at sides of the smooth 
lines Front tibia* with two, strong, obtuse, apioal teeth, and 
three smaller and still more obtuse ones. Length, 16 mm. 

Hob.— New South Wales: Bodalla (Dr. R. H. PuHeine). 
Unique. 

No other Australian species of Li$ooU$ % except L lutm* (which 
by the figure looks like a Lis»ote$, and was doubtfully referred 
by Westwood to Dorcu$) it was omitted from Masters’ Catalogue), 
has been described as having four eyes; Westwood regarded the 
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type of that species os a male, despite the feminine appearance 
of the mandibles: but it was described and figured as having six 
impressed stria on each elytron; on the present species there are 
no stria, their places being taken by smooth, shining lines not 
interrupting the general convexity; there are also many other 
differences in the head, antenna, etc. On account of its eyes, 
the species should perhaps have been referred to Litsaplem* 
(how it taunt of that genus has sometimes been referred to Littofet ), 
but the head and mandibles are very different from those of the 
species at present referred to that genus. The mandibles of the 
type are touching at their tips, and enclose a top-slmped space; 
each has an obtuse swelling about the middle of the upper 
surface, and is obtusely hicuspidate at the Apex. 

SCARABJEID.®. 

Lipaketkur majorinus, n.sp. 

Black, shining; elytra and appendages reddish-castaneous. 
Front of head, pronotum (including disc), and elytra at base and 
near suture, with rather long, erect, and rather sparse whitish 
hair; undersurface, hind-parts, and legs with dense clothing. 

Head with crowded (but not confluent) and not very large 
punctures, becoming larger and sparser on clypeus, sides of the 
latter conspicuously narrowed and sinuous to apex, which is 
evenly and moderately incurved to middle. Antenna nine- 
jointed. Prothorax with strongly rounded sides, hind angles 
rounded off, front ones produced and acute, median line vague 
and traceable only towards base; punctures of somewhat uneven 
size, but mostly rather large, and not very crowded. Elytra 
with punctures moderately large, becoming smaller and more 
crowded posteriorly, geminate stria feebly defined. Him&partt 
with rather dense punctures, smaller and denser on propygidium 
than on pygidium. Front tibia) strongly and obtusely tridentate; 
hind tarsi with basal joint distinctly shorter than second. 
Length, 9 mm. 

Zfa&.—Queensland (unique). 

The erect pilosity is continued on to the elytra from the pro- 
notnm, but is not very dense there; regarding the species, how* 
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ever, as belonging to Group 1, of Blackburn's Table/ it would he 
associated with L . fulvahirtus , from which it differs in being 
larger, with the prothor&cic punctures considerably larger, and 
the surface more shining; regarding it as belonging to Group 2, 
it would not fit into either F or FF, as the clypeus is neither 
truncate nor rounded in front. It is larger than any previously 
described black species with red elytra from Queensland. Home 
parts of the pronotuin Are very obscurely diluted with red; the 
elytra of the type are without a membranous fringe. 

Lipauktuuh aoutanouluh, n.sp. 

(J. Black; elytra (base narrowly black), laud-parts and append¬ 
ages (most of femora excepted) bright reddish-castaneous. 
Undersurface and legs with long, pale hair, a fringe of similar 
hair on each side of prothorax, but becoming darker in front, 
rest of upper surface glabrous. 

Head with rather small and crowded, but not confluent punc¬ 
tures, becoming larger and less crowded on clypeus; sides of 
clypeus lightly elevated and strongly narrowed, apex strongly 
elevated, lightly einarginate and acutely produced at sides. 
Antenna nine-jointed. Prothorax with sides strongly rounded, 
hind angles widely rounded off, front ones acute and produced, 
median line very feeble; with dense and sharply defined but 
rather small punctures, less numerous along middle than else¬ 
where. Elytra with fairly large punctures, becoming crowded 
towards sides and smaller posteriorly; geminate-stria well-de¬ 
fined. Hind-parts with punctures as on pronotuin. Front tibi<e 
strongly but obtusely tridentate; front tarsi rather thick, basal 
joint keeled internally, claws thickened at base; hind tarsi with 
first joint conspicuously shorter than second. Length, 7-7 J mm. 

g. Differs in having the clypeus short, truncate in front, with 
the sides not produced, abdomen more convex, legs shorter, and 
front tarsi thinner. 

Hab.— Queensland; Brisbane (T. McGregor). 

Belongs to Blackburn's Group 4, and there would bo referred 
to JJ' f but the median line of the pronotuin, although fairly 

* Trans. Boy. Soo. S. Au«t. 1005, pp.287-296. 
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distinct, is feeble even at the base; but regarding it as belonging 
to K, it would be associated with L inctrlus, from which it 
differs in the acutangular clypeus of the male, larger punctures 
of pronotum, and glabrous hind-parts; if referred to KK, it 
would be readily distinguished front L. vicariu* by the clypeus. 
Its front tarsi and olypeus are much as in phoenicopterue, of 
Group 1 (with which it would be associated in Macleay’g system), 
but which has very different clothing. On the male, the club 
is slightly infuscated; on the female, it is no darker than the rest 
of the antennte; on the female also, the whole of the abdomen 
and legs are reddish; on the male, many of the elytral punctures 
are transversely confident towards the sides, but, on the female, 
this appearance is less evident. On both specimens, there are a 
few hairs at the tip of the pygidium, but, except for these, the 
hind parts are quite glabrous; both specimens are without a 
membrane at the apex of the elytra. 

Liparktrds mixtus, n.sp. 

Black; elytra and appendages (parts of the legs deeply in- 
fu sea ted) bright castaneous. Undersurface with long, pale hairs, 
a fringe of similar (but darker) hair on each sido of pronotum; 
hind-parts with short, dense, erect seta in addition to long hair. 

Head with rather small, crowded, and more or less transversely- 
confluent punctures, becoming sparser, non-confluent, and slightly 
larger on clypeus; clypeus with sides moderately elevated, 
strongly decreasing and incurved to apex, apex rather strongly 
but obtusely tridentate. Antenna nine-jointed. Prothorax 
with sides rounded and rather strongly produced towards base, 
hind angles widely rounded off, front ones slightly produced 
and somewhat acute, median line feeble; punctures small and 
rather sparse, but more numerous towards sides and front angles. 
Elytra with punctures of moderate size and not very numerous; 
geminate-8 trifle fairly well-defined. Hind-parts with dense sub¬ 
asperate punctures of moderate size. Front tibim strongly and 
acutely tridentate; basal joint of hind tarsi slightly shorter than 
second. Length, 8 mm. 

Hoi.—New South Wales (unique). 
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At first glance, the second joint of the hind tarsi appears to 
be distinctly longer than the first, but in reality it is very little 
longer. Regarding the species as belonging to Blackburn’s 
Group 4, it would be associated with L , distant, which is a much 
larger species with all parts more or less reddish; if not to Group 
4, it could only be referred to Group 7, and there associated with 
L . iridipennit, from which it differs in its bright red elytra and 
clothing of hind parts (the setae of these are very short and 
partially concealed by the hairs, but they are very distinct from 
the sides); each lateral fringe of the pronotum is partly pale and 
partly dark, and although Blackburn tabulated L. iridipennu 
fis having the fringe whitish, it is almost as often dark or partly 
dark as whitish; at first glance, it appears to be close to L. 
perkinri of Group 10, but the clypeus has less acutely projecting 
teeth (the type is certainly a male), and the hind parts are 
densely clothed; L . bituberculatu* (also of Group 10) also differs 
in the hind parts and in the considerably longer basal joint of 
hind tarsi. Most of the upper surface is brightly iridescent; the 
femora are almost black; the elytra (of the type) are without an 
apical membrane. 

Liparbtrus intbruediub, n.sp. 

<J. Black; elytra (except for a narrow space at base), most of 
tarsi, parts of front tibie, antenna? and tarsi, more or less 
castaneous. With long hair on most parts, but elytra glabrous 

lUad with crowded and small punctures, but a few of larger 
size scattered about; clypeus with sparser punctures than between 
eyes, and smaller than the large ones there; sides moderately 
elevated and decreasing (with curved outlines) to apex, which is 
strongly but obtusely tridentate. Antennae nine-jointed. Pro - 
ihorooo with sides strongly rounded, hind angles widely rounded 
o ttt front ones subacute and scarcely separately produced; with 
comparatively large and not very dense punctures, mixed with 
smaller pnes; median line represented by a feeble basal depression 
only. Blylra with not very dense punotures, no larger than the 
larger ones on pronotum, and becoming smaller and more crowded 
on sides; geroinate-strie fairly well-defined. Bind-part* with 
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rather dense punctures, slightly larger on pygidium (where they 
are as targe as on pronotutn) than on propygidium. Front It&ia 
strongly trideutate; basal joint of hind tarsi distinctly longer 
than second. Length, 7 mm. 

/Ai6.—Queensland : Cunnamulla (H. Hardcastle); unique. 

belongs to Group ft, of Blackburn’s Table, but could hardly lie 
associated with L tridental a as the clypeal teeth are much less 
acute and less produced; it differs from that species also iu the 
clothing of the pronotum Ixsing quite as dense at the base os in 
front, and in the clothing of the pygidium; the punctures of the 
pronotum are also sparser and considerably larger. The clothing 
of the head and base of prothorax is much paler than on most 
of the pro thorax, where it is black or blackish (it is uniformly 
coloured on L. parvidm* and L . obtueidtnti); from L. parviden* it 
differs also in having the clypeus more conspicuously trideutate 
(both sexes of that species are before me), and from L . obtusideihB 
in having rather larger punctures (on the elytra as well as on 
other parts). The antenna are paler than the other reddish 
parts, but the outer parts of the club are lightly infuscated. The 
elytra are terminated by an extremely short membrane. 

Liparetrus quiNQUKLOBATUs, n.sp. 

<£. Black; elytra, autenmu and palpi bright ttavo-costaneous, 
legs of a darker red. Sterna with rather long pale hair, abdomen 
sparsely clothed, clypeus with a few hairs, a pale fringe on each 
side of pronotum, and extended on to sides of front margin, rest 
of upper surface glabrous. 

Htad with crowded and small, non-conduent punctures, an 
irregular row of larger ones near clypeal suture; clypeus with 
sparser and larger punctures than between eyes, sides strongly 
narrowed and suddenly incurved near apex, which is strongly 
and acutely tridentate. Antenna nine-jointed. Prothonuc with 
sides strongly rounded, hind angles widely rounded off, the front 
ones acute, median line shallow; with dense and sharply defined 
but rather small punctures. Elytra with rather sparse punc¬ 
tures of moderate size, becoming smaller and denser at the sides 
and apex; geminate-stria well-defined, apical membrane narrow 
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but conspicuous. Hind-part* with dense punctures, inucii as on 
pronotum, but a few of larger size scattered about. Front tibitr 
strongly but obtusely tridentate; basal joint of hind tarsi con¬ 
spicuously longer than second. length, nun 

//a6.—Queensland : Gloncurrv (H. Hacker). 

In Blackburn's Table, would Ikj associated with L . perkm**, 
but differs from that species ill being much larger, non-iridescent, 
prothoracic punctures considerably larger and more sharply 
defined, and elytra! punctures larger L. trideniatng^ which has 
a somewhat similar clypeus and is similarly coloured, has the 
front half of the pronotum densely clothed; from /,. inftn medius, 
it differs in being larger, clypeus strongly incurved liefote the 
apical teeth, prothorax glabrous on disc, and with smaller and 
much denser punctures, elytra entirely pale, etc. The clypeus is 
conspicuously tridentate in front, but the sides near the apex are 
strongly incurved, so that, when viewed obliquely from behind, 
it appears to consist of five almost equal lobes; immediately 
behind its suture, tiie surface is shining and sparsely punctate, 
with large punctures marking the position where the sparse and 
dense punctures meet. On the two specimens before ine, the 
hind parts are entirely glabrous, except for a few hairs on the 
pygidium, 

HaPLONYCHA COI.OS8A, u.sp. 

Bright reddish-castaneous, elytra paler. Undersurface and 
legs with dense, goldeu hairs, a few similar hairs at sides of eyes, 
and forming a thin row in each lateral gutter of pronotum; inetn- 
brauous fringes of elytra very short; pygidium glabrous. 

Heatl with rather small but sharply defined punctures, becom 
ing somewhat larger and more numerous (but not confluent) 
about clypeal suture; front face of clypeus with numerous 
setiferous punctures on sides, but setse confined to a single row 
across middle. Antenna with fourth joint slightly longer than 
third, the five following joints forming a club. Maxillary palpi 
rather long, penultimate joint slightly longer than antepenulti¬ 
mate, and scarcely shorter than apical. Prothorax more than 
thrice as wide as long, sides rather strongly rounded and feebly 
arcuate to base and apex, front angles somewhat produced, hind 
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ones obtuse and not completely rounded off; with rather small 
but distinct punctures, sparser in middle than elsewhere. Elytra 
moderately dilated to about the middle; punctures fairly tiumer 
ous, except between the geminate strife (these very close together); 
suture very feebly mucronate. Pygidium shining, lightly con¬ 
vex; with rather small, scattered punctures. Basal joint of hind 
torn distinctly shorter than second. length, 32 mm 

Hah .—Western Australia. 

I have hod the type for many years under the name of if. 
gigantea, but although looking like a large specimen of that 
species, it may be at once distinguished by the maxillary palpi; 
on £T. gigantm, the antepenultimate joint is slightly longer than 
the penultimate, hence Blackburn referred it to his Group 5. 
On the present species, the penultimate is slightly the longer, 
hence the species must be referred to CC, of his Group 4, and 
there associated with //. nobitis, from which it differs in having 
the prothorax more transverse, and the fifth joint of the antennn 
(instead of the sixth) the first of the club. The rami of the club 
are decidedly long, but as that of its first joint is only about half 
the length of the second, the type appears to be a male. From 
some directions, the pronotum appears to have a fine, iridescent 
bloom. 

Novapus parvus, n.sp. 

Reddish-brown, head and parts of legs black. Under¬ 
surface, legs, and upper part of pygidium with dense, rusty-red 
hair, upper surface glabrous. 

/fsad with crowded and irregular punctures; with a sharp, 
short, oblique, simple horn. Antenn» ten-, club three-jointed. 
Prothorax about one-fourth wider than long, hind angles rounded 
off, front ones produced and acute, with a large discal excavation, 
its front part with transverse sculpture; with punctures of 
moderate size, but very irregularly distributed. Elytra with 
sutural and lateral stri» well-defined, but the others represented 
by feeble depressions or oblique scratches; punctures small and 
sparse, but becoming numerous at apex and sides. Pygidium 
with numerous rather small punctures, becoming larger and 
crowded at base. Length, 10 mm. 
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ttab .—Western Australia: Swan River (A. M. Lea); unique. 

Much smaller than any previously described species, with the 
prothoracic excavation unusually small and shallow (it scarcely 
occupies one-third of the width of the prothorax), and the 
cephalic horn very small and simple (scarcely half the length of 
that of 2T. simplex). At first glance, the type bears a strong 
superficial resemblance to the males of Isodon pecuariue , but the 
horn is on the head, not on the prothorax. 

Cryptodus abkrrans, n.sp. 

Black, not very highly polished (the elytra subopaque), parts 
of undersurface and of legs obscurely diluted with red, dub of 
tttitennte paler. Upper surface almost glabrous, undersurface 
sparsely and irregularly clothed, pygidium with a few short seta*. 

Head with rather large but not very dense punctures; olypeus 
with front margin rather strongly elevated and truncate, lateral 
margins lightly elevated and oblique, suture well defined towards 
sides but obsolete in middle, where the surface is slightly elevated; 
inentum large, with large, shallow punctures, depressed in front, 
base rather lightly notched, with a few set* and long bristles. 
Antenna apparently nine-jointed, club three-jointed. Proihoras 
rather strongly convex, about once and one-half as wide as long, 
sides strongly rounded, base bisinuate, front angles obtusely pro¬ 
duced, the hind ones rounded off, median line rather vague; with 
fairly large but nowhere crowded punctures. Elytra at base the 
width of prothorax, slightly dilated to beyond the middle; surface 
finely shagreened, with well-defined rows of fairly large punc¬ 
tures towards suture, but becoming smaller and irregular towards 
side and apex. Pygidium with fairly large but rather shallow 
punctures. Four hind tibim strongly serrate or digitate at apex, 
each notch with a seta; front claws simple. Length, 11 mm. 

Hob .—Northern Territory: Darwin (N. Davies); unique. 

In its comparatively small size, convex body, and general 
appearance, the present species certaiuly does not look a 
Cryptodue;* but the wide mentum concealing all the mouth-parts 

* Neither does 0. groedpte, at first glance, appear to belong to the genus, 
but its remarkable mentum is almost exaotly as in C, cavietpt, which is 
quite an ordinary species of Cryptodus. 
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is like that of Cryptodvs , and utterly different from that of any 
other Australian genus of Dynastide#; the projection in front 
of the prosternum, and the triangularly dilated basal joint of the 
AuteiiuiH are also as in Cryptoda$\ the four hind-tibite are digitate 
instead of truncate at apex, and are certainly not fringed with 
seto (as on normal Dynattuhi i), but, at the base of each notch, 
there is a seta; smaller and less distinct seltc, however, are pre 
sent on several other species of Cryptodus (e.g., C. tasmanianus ), 
although they need to lie closely looked for. The base of the 
mentum is less deeply notched than is usual in those having it 
notched, in this respect agreeing with C, in G\ Utsmanianu*, 
it is truncate; and, in (J. caviceps and V. grostipes, it has a long 
and almost vertical process; the apex of the basal joint of 
antenna is less conspicuously produced over the following joints 
than is usual in the genus, but, from some directions, it entirely 
conceals the two following joints. The elytra, at first glance, 
appear to be glabrous, but, on close examination, some very fine 
seta become visible; there are three or four interstices on each 
elytron slightly more prominent than the others, but not one is 
conspicuously elevated.. The sex of the type is doubtful, as many 
males of Cryptodns have tbe front claws simple. 

OoRVNOPHYLLUS I NT K HOC 0 LABIS, n.Sp. 

Black; antennae, most of legs and of undersurface more or 
less castaueous-brown. Undersurface and legs with rather 
dense, rusty-red hair; upper surface and pygidium glabrous. 

Head concave, and with irregular (but not very dense) trails- 
versely-confluent punctures between eyes; clypeus moderately 
long, punctures more or less confluent, apex and sides rather 
strongly elevated, basal carina strongly elevated (sub-tuberculate) 
in middle; mentum gently convex. Antennae ten-, club three- 
jointed, rami large, about as long as head is wide. Prolhoratt 
not twice as wide as long, sides strongly rounded, apex bisinuate, 
front angles produced, hind ones rounded off, a rather small 
excavation in front, the middle of its front margin with a small 
tubercle, basal gfitter distinct at sides, but not traceable across 
middle; with small and sparse punctures, becoming more numer- 
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ous on sides and larger in excavation. Elytra the width of pro- 
thorax; with irregular rows of large punctures in distinct strip, 
but becoming very irregular about apex. Pygidium with vario¬ 
losa punctures, almost absent along middle, but crowded in upper 
corners. Spurs of hind tibia stout, and very unequal. Length, 
15£-17 min. 

Hab .—New South Wales (Dr. E. W. Ferguson), Jenolan (J. 
C. Wiburd). 

With the general outlines of C. modestus^ hut elytra dark and 
club of antenna considerably smaller than in the male (although 
much larger than in the female); from the dark form of C fort- 
numt, it is at once distinguished by the very different clypeus 
and single cephalic elevation; V. andertoni has the clypous dif¬ 
ferent, and the club much larger. One of the specimens before 
me has the upper surface entirely deep black, but, on the other, 
it is obscurely diluted with red; on the latter specimen, the 
clypeus is distinctly bilobed in front, but, on the other, it is 
almost simple there. Some of the elytra! strim are irregularly 
geminate in arrangement. 

EUCNEMIDjE. 

MlCKORUAOUS RUF1COLM8, n.Sp. 

Black ; prothorax and legs red, tarsi paler, antenna dull 
piceous-brown, the two basal joints somewhat brighter. Some¬ 
what irregularly clothed with depressed, more or less stramineous 
pubescence. 

Head with dense, partially concealed punctures; with a fine 
transverse caiina near the base, and a very feeble longitudinal 
one near each eye; these large and prominent. Antenna long 
and thin, second joint very short, third slightly shorter than 
first, and slightly longer than fourth, fourth to sixth somewhat 
wider than the others, fourth to tenth slightly produced on one 
side at apex, eleventh very thin, and conspicuously longer than 
tenth. Prethorax at base almost twice as wide as the median 
length, front angles rounded, hind ones strongly produced and 
acutely carinated; front margin oarinated, the carina on each 
side with a short spur extended towards but not meeting the one 
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on the basal angle; with a vaguely impressed median line, 
becoming carinated at base; punctures moderately dense. Elytra 
parallelled from near shoulders almost to apex; with punctures 
of moderate mm about base, becoming smaller posteriorly, but 
about tip decidedly coarse. length, 3} mm. 

Zfoi.—N.S.W.: National Park (A. M. Lea); unique. 

The second joint of antenna* has a curious appearance as of 
being forced out of alignment. The elytra! punctures are more 
or less lineate in arrangement, but not placed in strice, the 
sutural stria (and that only from about the middle) is the only 
distinct one on each elytron; elsewhere there are but vague 
remnantB of atriation, or none at all. The prosternal sulci are 
deep, parallel-sided to near the base, and somewhat narrower than 
the propleural parallelograms, which are about once and one-half 
as long as their basal width. 

Hrmiopsida lonuicoknis, n.sp. 

Dull castaneous-brown; head, basal joint of antennas, junction 
of prothorax and elytra, sterna, and hind coin, black or blackish. 
Rather densely clothed with moderately long, stramineous 
pubescence. 

Head densely granulate punctate; with a subfoveate impres¬ 
sion between antennary sockets; clypeua widely depressed in 
middle. Antennas long, slightly passing elytra, second joint 
very short, third slightly longer than first and distinctly longer 
than fourth, fourth slightly shorter than fifth, fifth-tenth sub- 
equal in length, eleventh almost as long as ninth and tenth com¬ 
bined. Prothorax strongly convex, front angles rounded, hind 
ones acute and obliquely produced on to shoulders, with a very 
feeble median line; with dense, rugose punctures. Elytra slightly 
wider than hind angles of prothorax, parallel-sided to beyond 
the middle; with rather dense and irregular, but sharply defined 
punotures, becoming crowded about base; striatum well-defined 
throughout, but especially on apical fifth. Abdomon with a deep, 
conspicuous, hairy depression on each side of middle, extending 
from tip of first segment,to tip of fourth. Length, 6-6} mm. 
tfoA—Queensland; Mount Tambourine (H. Hacker's No.896). 
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Readily distinguished from all other species, except H. 
ventrali* , by the abdominal depressions; the Antenna are also of 
unusual length; H. vcntralis has the abdominal depressions coni* 
mencing nearer the base of the first segment, and not continued 
beyond the third, and its antenna are shorter and more con¬ 
spicuously (although not strongly) serrated. 

Dyscolocerus porosub, n.sp. 

$. Black; undersurface, antenna, and legs obscurely reddish. 
With very short pubescence. 

Head with crowded punctures, with a very feeble depression 
on clypeus. Antenna rather stout, eight basal joints densely 
punctate, second joint slightly longer than fourth, third slightly 
longer than two following combined, fourth to eighth equal and 
strongly transverse, ninth about as long as three following joints 
combined, and conspicuously wider, slightly longer and wider 
than tenth and much shorter and distinctly wider than eleventh, 
three apical joints as long as the seven preceding combined. 
Ptvthorax with sides rather strongly rounded in front, hind 
angles acute, with the outer side of each somewhat oblique, 
median line rather shallow but well-defined; with crowded punc¬ 
tures of moderate size. Elytra parallel-Bided to beyond the 
middle; punctureB at base as on prothorax, becoming somewhat 
smaller, but almost as crowded posteriorly; striation well-defined 
throughout, becoming deep posteriorly. Length (<?$)> 7-11 mm. 

9 . Differs in being slightly more robust, antenna shorter, the 
three terminal joints distinctly shorter than the seven preceding 
combined, the ninth scarcely shorter than the eleventh, and the 
fourth-eighth not transverse. 

Hob. N.S.W.: Forest Reefs.—W.A.: Swan River(A. M. Lea). 

The antenna and sterna are somewhat darker than the abdo¬ 
men and legs, but no parts are conspicuously reddish; the front 
of the prothorax of several specimens is very obscurely diluted 
with red. The pubescence of the upper surface is black and 
very short, but on the head, and base and apex of prothorax, it 
becomes longer and greyish, on the undersurface it is uniformly 
pale. On one specimen, the head appears to have a feeble median 
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line, hut it is quite absent from the five others before me. The 
Swan Itiver specimen has the sterna and femora quite black. In 
some respects, the female is close to the description of Lycaon 
ater , but the fourth joint of the an ten me is no shorter than the 
fifth, and the prothorax has a conspicuous median line. The 
types were taken in cop . 

Dybcolocerus rubhivkntris, n.sp. 

Black; abdomen and legs bright red, antenme reddish, 
becoming darker towards base, with the basal joint black. 
Clothed with blackish and ashen puljcscenoe, becoming paler and 
more uniform on the undersurface. 

Antenna with second joint slightly longer than fourth, third 
slightly longer than fourth and fifth combined, fourth-eighth sub- 
equal in length, ninth-eleventh as long as first seven combined, 
ninth slightly wider than the following ones, almost as long as 
the four preceding combined, about one-third longer than tenth, 
and about two-thirds the length of eleventh Length, 5J-6 mm. 

9 . Differs in having the fourth-eighth joints of antenme slightly 
wider than long, the ninth eleventh scarcely as long as the seven 
preceding combined, and the eleventh very little longer than tbe 
ninth. 

Hah.— N.S.W.: Jenolan (J. C. Wiburd). 

The description of the sculpture of the preceding species, 
except of the antenna;, applies exactly to the present species, but 
besides the conspicuously red abdomen (in striking contrast to 
the black sterna) it differs from that species in having the three 
terminal joints of antenna longer (in both sexes) and the fourth- 
eighth joints of the antenna of tbe male much less conspicuously 
transverse. 

DlOTYBOOMUflS, n.g. 

Head moderately larger antennary sockets comparatively small 
and widely separated. Mandibles large, prominent, strongly 
curved, their hind outline straight. Antenna thin and rather 
long. Prothorax moderately transverse, hind angles small, pro¬ 
duced slightly outwards but not backwards, and not embracing 
the elytra. ScutsUum subquadrate, Elytra strongly convex, 
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distinctly wider than elytra, parallel-sided to near apex, epi- 
pleural fold narrow but traceable almost to apex. Prosternum 
with propleural triangles each with a narrow carina internally, 
and a still finer one externally, the two touching the apex at a 
slight distance (about equal to the length of the second joint of 
antennae) from each other. Metasternum with episterna narrow 
and parallel-sided. Abdomen with first segment at the side 
about as long as tho fifth along middle. L*ya rather long; inner 
half of hind cox&e moderately long (al»out half the length of 
second segment of abdomen), then strongly narrowed to sides; 
tarsi moderately long, second, third, and fourth joints of exactly 
the same shape hut decreasing in size; claws each with an obtuse 
swelling at base. 

The prothorax is very aberrant for the family, but the com¬ 
bination of entire absence of a visible labrum, mandibles closely 
applied to the breast and concealing the palpi within the buccal 
cavity, intercoxal process of prosternum narrow and recei\ed 
into a deep groove in the mesosternum, and abdomen with fi\e 
segments, forbid its being placed in any other family. The face 
is vaguely suggestive of some females of the Jihiptdocerido\ In 
Blackburn’s Table, the genus would be associated with Lycaon 
(w Hemiopaida), with some features of which it agrees, but the 
baBe of the prothorax is at once distinctive from that, as from 
all other Australian genera. There is nothing at all approaching 
it in the Plates accompanying Bonvouloir's monograph. The 
punctures of the head and prothorax are remarkable. r J he ex¬ 
ternal face of the maudibles is densely punctate, the punctures 
(except towards the base) within a depression enclosed by shining 
carinso, which meet near the tips. 

Dxctyeuokbbub mihus, n.sp. 

Blackish-brown, or castaneous-brown, appendages somewhat 
paler. With not very dense, and very short, whitish pubescenoe. 

Head with large, shallow, net-like punctures, margined by fine 
oarinw, and with the inner part of each puncture flat and 
shagreened; antennary sockets almost as far apart as the length 
of the three basal joints of antennw, Antennie extending almost 
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to hind coxce, first joint not carinated, and slightly longer than 
third, second about half the length of fourth, third about as 
long as fourth and fifth combined, fifth to tenth very feebly 
decreasing in length, eleventh slightly longer than tenth, and 
about the length of ninth. Prothorax truncate in front, front 
angles rather strongly rounded, sides thence feebly undulated to 
base, a transverse impression near base, marking off a wide and 
short median lobe, with vague remnants of a median line, and a 
vague foveate impression on each side of middle; punctures as 
on head. Scntellum with apical half polished and almost iro- 
punctato, Elytra about one-fourth wider than prothorax, and 
about five or six times as long; with numerous distinct punctures 
and small round granules, becoming more crowded about base; 
striation well defined. Prosternum with moderately large punc¬ 
tures, each with a central pit, on middle portion, the propleural 
triangles with punctures much as on upper surface, but less 
defined. Apical segment of abdomen with dense, asperate punc¬ 
tures, each side with a shallow depression. Legs densely asperate- 
punctate; first and fifth joints of tarsi of equal length, and each 
about as long as third and fourth combined. Length, 7-10£mm. 

ZZoi.—W.A.: Mullewa (Miss J. F. May), 

The two specimens taken by Miss May are evidently con- 
specific, but the larger one is much darker than the other, with 
some parts almost or quite black. 

Nruatodinus, n.g. 

Head short, mandibles strongly sinuous posteriorly, antennary 
sockets short and widely separated. Antenn* short, firBt and 
third joints long. Prothorax subquadrate, entirely concealing 
head from above. Scutellum subquadrate. Elytra with an epi- 
pleural (old at apex, and with suture armed. Prostemum with 
a vague longitudinal impression towards each side, the impres¬ 
sion bounded outwardly by a fine carina (representing the pro- 
sternal suture), then with a narrow, almost parallel-sided space 
between tbe carina and margin of pronotum (this represented by 
a thin but not continuous carina). Metasternum elongate; 
episterna very narrow. Abdomen evenly convex, apex evenly 
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rounded. Legs not very long; hind coxeo moderately long near 
where they touch, suddenly narrowed, and then almost parallel- 
sided to sides; tarsi thin, fourth joint very small and simple; 
claws thin, with a slight basal swelling. 

The only species known has the top-heavy appearance of 
Nematodes and 'frig&nopleurus, hut it differs strikingly from 
these genera in the prosternal sclerites, and in the tips of the 
abdomen and of the elytra. Although the prosternal sutures 
are not deeply impressed (they arc, however, almost parallel with 
each other) as they are in Microrhagus and Entomophthalmus , 
the side-pieces may be regarded as proplcural parallelograms, as 
in those genera; whilst, in Nematodes and Vriymiopleurus % the 
side-pieces are decided triangles. Tn Blackburn's Table, the 
genus would be associated with IlyptMvelus, from which it is at 
once distinguished by the elytra. The only genus at all ap¬ 
proaching it in the tips of the elytra is Gafba , with which it 
has scarcely anything else in common. In catalogues, it may¬ 
be placed near Nematoiles. 

NlMATODINltS AKM1PKNNIS, n.sp. 

Of a dull castaneous brown, legs and antennas somewhat paler. 
Moderately clothed with short, stramineous pubescence. 

Head with crowded but not very large punctures. An ten me 
not passing middle coxae, second joint very short, third about as 
long as the three following combined, fourth slightly longer than 
wide, fourth-tenth subequal in length but feebly dilated till the 
tenth is feebly transverse, eleventh scarcely wider but distinctly 
longer than tenth. Prothorax about as long as wide, front 
straight across middle, with a fine marginal carina curved at 
each side, and then continued parallel with the prosternal suture 
till it obliquely diverges to margin the hind angle, with a feeble 
medio-basal carina, each side of base depressed; densely granulate- 
punetate. Elytra with outlines continuously parallel with those 
of prothorax to near the apex, with crowded granulate-punctures 
about base, somewhat sparser elsewhere; tips with an epipleurat 
fold from about level with base of fifth segment of abdomen, 
densely granulate and each with an oblique projection at the 
suture; striation feeble. 
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Hob . -Queensland: Cape York (H. Elgner). -Northern Terri¬ 
tory: Darwin (N. Davies). 

Seen directly from behind, the tips of the elytra appear to 
enclose the tip of the abdomen, and each to have a short semi¬ 
upright process at the suture. On one specimen there is a con¬ 
spicuous carina on the prosternum extending from the left eye 
to the middle of the intercoxal process, but it is accidental, as it 
is not represented on the right side, and is absent from two other 
specimens. 

Arisocbphalus, n.g. 

Head wide, antennary sockets large and moderately close 
together, clypeus sinuous in front, its edge finely carinated. 
Antennae variable. Prothorax moderately transverse, basal 
angles not very long but acutely carinated. Elytra subparallel¬ 
sided, with a wide epipleural enlargement from base to bind 
coxse. Proeternum with a conspicuous carina marking the suture 
on each side from front coxa to level with middle of eye, pro- 
pleural triangles bounded externally as well as internally by a 
conspicuous carina. Metasternum with epiBterna rather narrow 
and parallel-sided for some distance, but dilated posteriorly. Ab¬ 
domen with fifth segment about as long as the two preceding com¬ 
bined. Hind coxce (except for an incurvature at trochanters) 
almost parallel-sided from inner to outer margins; tarsi com¬ 
pressed, fourth joint small and feebly produced on lower surface, 
claws each with an obtuse basal swelling. 

In Blackburn’s Table, this genus would be associated with 
Aficrorhayue and Entomophthalmu9 } but the propleural triangles 
(instead of parallelograms) and prosternal sutures not sulcata, 
make it certain that the genus is not even close to these The 
tricarinated clypeus of two of the species is suggestive of affinity 
with A runs, but that genus has prosternal lateral sulci, and 
metasternal sulci; the general outlines, however, and especially 
the head, are much the same. The propleural triangles are 
without the least traces of longitudinal sulci, but are gently 
concave, or flat throughout; the carina marking the prosternal 
suture touches the front margin inwards of the point where the 
marginal carina touches it, instead of meeting it there as on most 
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genera of the family, in consequence, the triangles are not acutely 
pointed. The hind coxa; are very distinctive, being slightly 
wider at their outer than their inner margins; the tarsi, when 
viewed from the sides, appear to be moderately wide, but very 
thin from above or below. In A. basalu, the fifth segment of 
the abdomen is somewhat shorter than in the other species, but 
its tip is somewhat produced (although much less conspicuously 
so than in Ncmatoile* and I'rigotiopleuvm). The size and general 
Appearance of all the species are suggestive of Cardiophorua of 
the Elaterido *. Type-species, A.Jlavipes. 

Second joint of anteinire (viewed from above) distinctly shorter 

than third. ... . Jiavipts. 

Second joint distinctly longer than third. 

Elytra entirely reddish . mfipmnis. 

Elytra reddish only about base . basal is. 

Arisocbphalus flavipes, u.sp. 

Black; extreme apex and base of prothorax, apex of scutellum, 
and antenmo (basal joint darker) reddish, elytra (base, suture, 
and sides excepted) and undersurface (parts of abdomen paler) 
of a dingy reddish-brown, legs (hind cox® excepted) flavous. 
Densely clothed with short, more or less upright pubescence, 
sooty on the head and prothorax, mostly paler elsewhere. 

Head with crowded and rather small punctures; with a con¬ 
spicuous median cariua from near base almost to apex: antentiary 
sockets bounded by a curved carina, the same joined in front to 
the side of the clypeal margining carina. Antenn® extending 
to about hind cox®, second joint of antenn® (as viewed from 
above) somewhat shorter than third, third distinctly shorter 
than fourth, its apex somewhat produced to one side, fourth- 
eighth strongly serrate (almost pectinate), ninth-tenth less 
strongly so, eleventh distinctly longer than tenth. Prothorax 
not much wider than long, sides rather strongly rounded in 
front, hind angles feebly directed outwards, the carina on each 
acute and about once and one-half the length of the scutellum; 
with a rather feeble median line, altering at the base to a feeble 
carina; punctures crowded and small, becoming smaller and still 
more orowded on sides. Scutellum with moderately dense punc- 
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tures, and a feeble median carina. Elytra parallel-sided to about 
the middle, thence gently decreasing in width to apex; densely 
granulate-punctate throughout, but more densely about base 
than elsewhere; striation well-defined throughout. Metastet'nvm 
with a rather wide, shining, median line, lightly impressed along 
its* middle. Tip of abdomen rather densely granulate-punctate. 
Length, 5 mm. 

//<*&.— N.S.W.: Sydney (A. M. Lea); unique. 

From some directions, the pubescence of the elytra appears to 
be as dark as that of the prothorax, but, from others, most of it 
is seen to be paler; the front, produced portion of each of the 
fifth-eighth joints of antenna is not much shorter than the 
joint itself. 

ARISOCEPJfALUS RUPIPRNNIS, n.Sp. 

Black; extreme apex and base of prothorax, elytra, abdomen 
(in places feebly infuscated), legs (hind coxa? and femora ex¬ 
cepted), and antennee red or reddish. Densely clothed with 
short pubescence. 

Head with crowded and rather small punctures; with a con¬ 
spicuous median carina traceable to near base, but not on to 
clypeus; antennary sockets each with a narrow margining carina 
from eye to side at apex of clypeus. Antenna moderately long, 
second joint distinctly longer than third, and almost as long as 
fourth, fourth-tenth equal in length, hut fourth-seventh wider 
and more strongly serrated than the ninth and tenth, eleveuth 
almost as long as the ninth and tenth combined. Prothorax 
slightly more transverse, but otherwise much as in preceding 
species. Elytra parallel-sided to beyond middle, with dense 
punctures about base, becoming less crowded (but quite sharply 
defined) elsewhere; striation lightly impressed and, in places, 
scarcely traceable. Length, 5 mm. 

Hob. —Tasmania: Boutbport (John O. Dawson); unique. 

In general appearance close to the preceding species, but elytra 
more brightly coloured, and with different punctures and stria, 
second and third joints of antenna differently proportioned, the 
following ones much less conspicuously serrated, and the median 
line on the metasternum less conspicuous. The clothing on the 
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pale parts is somewhat stramineous; on the dark parts, it is darker. 
In this and the following species, the hind coxa* at the sides are 
a trifle longer than the second abdominal segment; in the pre¬ 
ceding species, they are of exactly the same length. 

Akibocephalus basalis, n.sp. 

Black; basal fifth of elytra reddish, Libia; reddish, femora and 
coxa darker, tarsi paler, antenna; dull reddish-brown, second And 
third joints and the tips paler. Clothed with very short and 
mostly stramineous pubescence. 

Ilsad with crowded and rather small punctures; with a con¬ 
spicuous median carina from base to apex, an oblique carina on 
each side of clypeus from apex to base, where they almost touch 
the median line between the antennary sockets. Antennae not 
very long, second joint short but distinctly longer than third, 
the two combined slightly longer than fourth, fourth-tenth equal 
in length, but decreasing in width from the sixth, and rather 
feebly serrated, eleventh about once and one-half the length of 
tenth. Prothorax much as in A. Jlavipts except that the punc¬ 
tures are smaller. Elytra parallel-Bided to about the middle; 
with rather dense, well-defined punctures, becoming crowded at 
base; striation fairly well defined. Abdomen with fifth segment 
somewhat produced at apex, and densely granulate-punctate 
there. Length, 3£ mm. 

i/a6.—N.S.W.: G&lstou (A. M. Lea); unique. 

The third joint of the antenna, although very short, is not 
** excessively minute ” as in Entomophthalmus] and the fourth 
joint, although somewhat larger than the fifth, is scarcely longer. 
The carination of the head is moro pronounced than in the other 
species of the genus, and is much as on Arista carmaticeps . 

Fornax Niger, n.sp. 

Black. Clothed with short, depressed pubescence, paler about 
base of prothorax and of elytra than elsewhere. 

Head with crowded subasperate punctures; with a feeble longi¬ 
tudinal carina, and a conspicuous interocular one. Antenna 
moderately long, first joint about as long as three following com¬ 
bined, second shorter than third, and third than fourth, fourth- 
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tenth equal in length, eleventh somewhat longer, Proikora a* 
with (rout angles somewhat rounded, sides thence parallel to 
base; with punctures as on head ; median line well defined 
towards base, but feeble in front. Elytra with crowded, asperate 
punctures about base, becoming less crowded and more sharply 
defined posteriorly; striation distinct throughout. Hind coxtr 
evenly and strongly narrowed to sides, greatest length about 
equal to that of second abdominal segment; basal joint of hind 
tarsi about as long as the rest combined. Length, 4$ mm. 

Ha6 .—W.A : Mount Barker (R. Helms); unique. 

In general appearance, strikingly close to F. 8uluralu y but 
readily distinguished by the comparative lengths of the third 
and fourth joints of antenme. The pubescence on the under- 
surface appears ashen or blackish according to the point of view; 
on the upper surface, it is almost entirely dark. 

Fornax cabtanbus, n.sp. 

Oastaneous, tarsi somewhat paler Densely clothed with 
short, stramineous pubescence. 

Head strongly convex; with crowded but rather small punc¬ 
tures; inter-antennary carina not continued beyond antennary 
sockets. Antennal not very long, second joint slightly longer 
than fourth, third almost as long as fourth and fifth combined, 
fourth-tenth subquadrate, fourth and fifth short, but combined 
considerably longer than sixth, sixth to tenth subequal, eleventh 
distinctly longer. Prothorax with sides rounded in front, thence 
almost parallel-sided to base; with dense and sharply-defined but 
rather small punctures, becoming crowded on sides Elytra 
parallel-sided to near apex; base with crowded subasperate punc¬ 
tures, becoming smaller and more sharply defined posteriorly; 
striation well-defined. Hind coaxe strongly and evenly narrowed 
to sides, which are very short, greatest length slightly more than 
that of second abdominal segment; basal joint of hind tarsi dis¬ 
tinctly shorter than the rest combined, fourth slightly narrower 
than third, and scarcely produced on lower surface. Length, 
6 mm. 

Hah.— N.8.W.: Sydney (A. J. Coates). 
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In general appearance, stnkingly dose to some of the larger 
specimens, that I have referred, with doubt, to K panmlua, but 
the fourth and fifth joints of a uteri me, although short, ure (com¬ 
bined) distinctly longer than the sixth; the hind tarsi arc some¬ 
what aberrant for the genus. 

A smaller (4} nun.) specimen from Queensland (Dalby, Mrs. 
F. H. Holder) appears to lielung to the species, but is more 
lightly coloured, with a vague remnant of a median line on the 
prothorax (completely absent from the type) and with slightly 
shorter autennie and legs. 

Fornax majokinus, n sp. 

Dark castaneous-brown, antenna; and legs paler. Vcry densely 
clothed with rather short, stramineous pubescence. 

Head with dense but not very large punctures; inter-antennary 
carina widely interrupted in middle. Antennte moderately long, 
second joint slightly longer than fourth, third almost as long as 
fourth and fifth combined, fourth slightly shorter than fifth, and 
fifth than sixth, sixth-tenth suIxmju&I in length, eleventh almost 
as long as ninth and tenth combined. Prothorax witli sides 
strongly rounded in front, thence parallel-sided to base; punc¬ 
tures dense, rather small and subasperate, becoming crowded on 
sides. Elytra parallel-sided to beyond the middle; with dense 
asperate punctures about liase, becoming smaller posteriorly; 
striation well defined. Hind wu produced to points at the 
sides, greatest length distinctly more than that of second ab¬ 
dominal segment; hind tarsi with basal joint as long as the rest 
combined. Length, 8£ mm. 

M-N.S.W.: Byron Bay (C. Watson); unique. 

A comparatively large, robust species. 

Dystrigonisthis laticolli s, u.sp. 

Of a rusty-castaneous, appendages somewhat paler. Densely 
clothed with short, rusty pubescence. 

Head with rather coarse, crowded punctures; clypeus shallowly 
conoave. Antennas with second joint short, third about as long 
as fourth and fifth combined, fourth-eighth subequal in length 
and with rounded sides, ninth almost as long as three preceding 
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combined, slightly shorter than eleventh and slightly longer than 
tenth. Prothorax with sides strongly rounded in front, and then 
increasing in width to base, extreme base distinctly wider than 
elytra, and about twice the width of apex, with a rather feeble 
median line disappearing before apex; with very dense, and 
moderately large, round punctures; with a small, round fovea on 
each side, close to middle of base. Elytra parallel-sided to 
beyond the middle, base densely granulate-punctate, elsewhere 
with fairly dense but smaller and more sharply defined punctures; 
striation well-defined, first and second stria on each elytron 
openiug out into a short, deep, oblique sulcus dose to apex. 
Hind cowz with greatest length about equal to that of second 
abdominal segment, obliquely decreasing to each side, which is 
about one-third the greatest length. Length, 15 mm. 

//o6.—N.S.W.: Mount Irvine (I)r. E W. Ferguson); unique. 

The prothoracic punctures, although dense, are quite sharply- 
defined on the disc; ou the sides, they arc more crowded and 
irregular. From some directions, the basal fifth of the elytra 
appears to be closely covered with fine, transverse corrugations. 
The three, long, terminal joints of antenna are suggestive of (the 
Australian species of) Dyacolocerua, but the deep, lateral channels 
of the prosternuxn at once exclude it from that genus. 

It is with some doubt that I refer this and the following species 
to Dyatrigoniatkisy with which, however, they would certainly he 
associated in Blackburn's Table; the antenna of the two species 
differ considerably from each other, and also from those of I), 
paradoxu#) and, in other families of beetles, these differences 
would almost certainly be regarded as of generic importance; 
but as Uonvouloir, and other workers at the family, have allowed 
an even greater range of variation in the antenna, it does not 
appear desirable to propose a new genus (or new genera) for 
them at present, The lateral channel on each side of the pro¬ 
sternum is deep and conspicuously closed posteriorly (and receives 
the antenna throughout its length); on the basal third of the 
inner side, it is distinctly carinated, but, from the basal third to 
its front margin, the side is gently rounded, without the least 
trace of a Carina. Although Blackburn separated Dyatrigoniathw 
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from Phmnocerua by the former having “ Prostctnal sulcus mar¬ 
gined within by an elevated line only in its hinder part 1 ' as 
against “ a continuous elevated line, 1 ' it is to be noted that 
Bonvouloir says of Phi*no<em* “Sillon marginal . . . ctant bimli 
en arriere intdrieurement par nne ligws efevfa" Quite possibly 
the following species should have been referred to PhwnoceruB) 
but it is evidently distinct from P. subefavatns by its larger size, 
and different antennae and hind coxae. 

L>Y8TRI<JON)8THIS fkrruginkus, n.sp. 

Dark rusty-castaneous, appendages somewhat paler. Densely 
clothed with short, rusty-red pubescence. 

Head with crowded punctures of moderate size; with a short 
and rather wide median line; clypous shallowly concave. An¬ 
tenna rather stout, second joint short, third cylindrical, almost 
as long as the three following combined, fourth-eighth short, 
subequal and distinctly transverse, ninth and tenth somewhat 
longer and wider (and with small fovea at apex), eleventh about 
as long as the three preceding combined. Prothorc u with sides 
rather strongly rounded in front, and then obliquely increasing 
in width to near base, which is somewhat wider than elytra, and 
almost twice the width of apex; witli dense punctures of moder¬ 
ate size, smaller in middle than elsewhere, and becoming crowded 
on sides. Elytra feebly decreasing in width from base; densely 
granulate-punctate about base, punctures becoming smaller and 
sparser posteriorly; striation as in preceding species. Hind comb 
with greatest length about equal to that of second abdominal 
segment, curvilinearly decreasing to sides, which are very short; 
basal joint of hind tarsi Bomewhat shorter than the rest com¬ 
bined; second, third, and fourth regularly decreasing in length 
and width, fourth not bilobed and scarcely produced on under 
surface. Length, 11-12$ mm. 

Hob* —Tasmania: Hobart (A. M. Lea). 

The anteuno so regularly increase in width, that the three 
apical joints can scarcely be regarded as forming a club; from 
above, the second joint appears to be slightly shorter than the 
fourth; but, from below, it is seen to be slightly longer. The 
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general outlines of tlie prothorax and elytra are much as figured 
for those of Phrmocerus nubclavatuB (Bouv., Mon., PI. xiii., fig.l). 

On one specimen, the eighth and ninth joints of each antenna 
appear to be combined to form but one (with the suture com¬ 
pletely obliterated in placet*), but, as the auteunce of the type 
are uonnal, this would appear to be accidental. On this speci¬ 
men, also, there is a short, shining, median line, and two, small, 
medio-discal foveseon the pronotmn (quite absent from the type) 

Phasnockuus ci.avicoknis, u sp. 

Black, auteuuseand legs somewhat obscurely diluted with red, 
tarsi paler. Bather densely clothed with short, ashen pubescence. 

Head with small, crowded, partially concealed punctures, inter- 
antennary carina not continued across middle. Antennte stout 
and not very long, first joint as long as the three following com¬ 
bined, second short, third slightly longor than fourth and fifth 
combined, fourth slightly longer than fifth, fifth-eighth short and 
transverse, ninth-eleventh forming a conspicuous club, ninth and 
tenth each conspicuously wider and longer than eighth, eleventh 
as wide as tenth at base, but rapidly narrowing to apex. Pro- 
thorax with sides strongly rounded in front, thence parallel-sided 
to base, with a slight but almost continuous median line; with 
deuse and rather small, but sharply defined punctures, becoming 
crowded on sides. Efytra feebly diminishing in width from near 
base ; densely granulate punctate about base, elsewhere with 
small but sharply defined punctures; striatum well defined 
throughout. Hind coxit at sides about one-third their greatest 
length, this slightly more than that of second abdominal seg¬ 
ment; basal joint of hind tarsi about as long as the two apical 
joints combined. Length, 1\ inui. 

Hub. —Tasmania: Hobart (A. M. Lea); unique. 

The antennte have a distinctly three-jointed club, a character 
which excludes the species from all the genera noted by Bon- 
vouloir, except /'Aanocsrus; but the club is even more distinct 
than as figured for P. tubelavaius; from the description of that 
species, also, it differs in being somewhat smaller, much darker, 
and prothorax with a conspicuous median line. In Blackburn’s 
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Table, Phmnocerns is placed with three other genera distinguished 
by having “Frosternal sulcus margined within hy a continuous 
elevated line.” This, however, is not the ease with the present 
species, whose lateral channel is carinated on the posterior half, 
but gently rounded in front; its posterior end is also open. 

OALJIA* AUSTRALIA, n.Sp. 

Black, appendages reddish. Densely clothed with golden 
pubescence, becoming golden-red in places; on the undersurface 
somewhat ashen. 

Head with crowded punctures mostly concealed, but more dis¬ 
tinct on clypeus than elsewhero; with a very thin, median carina 
from base almost to apex. Antennae rather short, second joint 
short, curvilinearly triangular, third-tenth each with a long 
minus, that of third somewhat shorter and thicker than the 
others; eleventh joint slightly longer and thicker than the ramus 
of the tenth. Prothorax gibbous, not much wider than long, 
sides rounded in front, thence almost parallel to base; disc with 
irregularly granulate (in places vermiculate) elevations; the sides 
with irregular, more or less concealed punctures. Elytra nar¬ 
rowed from base to apex, tips obliquely carinated and produced; 
with series of fairly large punctures, becoming smaller posteriorly, 
but close to apex becoming larger. Hind coxai with posterior 
edge somewhat sinuous, outer edge quite as long as elsewhere; 
tarsi with second, third, and fourth joints each with a wide and 
conspicuous lamella. Length, 11 -14 mm. 

Hah. — Queensland : Coen Kiver (H. Hacker). 

The first of its genusf to be recorded by name from Australia, 
although Bonvouloir (Mon., p.607) stated that the genus occurs 
there; Blackburn, however, thought} that this may have been 
due to confusion with Qalbodm\a % there recorded as a synonym 
of Galba, but elsewhere (Mon., p.442) treated as distinct. The 
beautiful pubescence on the whole of the upper surface has a 

*OuAr.-Men., Voy. Ooq., Kntora., p.68; Bonv., Mon., p.806. 

+ Readily reoogniaable by the large size and robust form of its species, 
with three tarsal Joints conspicuously lamellate. 

% Manuscript note. 
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curious waved or mottled appearance, due to the varying direc¬ 
tions in which it is applied to the derm; thus, the elytra, when 
viewed from behind, appear to have two golden fascite alternated 
with brownish ones; on altering the point of view, the brownish 
ones become golden, and rice-versrt, whilst, from other directions, 
the clothing appears to consist of irregularly mixed golden and 
brownish spots. The third joint of the antennss is about as long 
as the two following combined, and its ramus is slightly shorter 
than the first joint, the rami of the other joints being slightly 
longer and subequal inter se. The elevations on the prothorax 
may be regarded os forming an irregularly lotted mass, of which 
the median lobe is the most conspicuous, appearing as an abrupt, 
obtusely pointed elevation near the scute)]um (from the sides, 
its posterior end appears vertical), then, towards the middle, it 
bifurcates, each arm being irregularly continued to near the 
apex; on each side of it there are two other elevations feebly 
connected with it, the front one somewhat oval, the back one 
concave inwards and almost right-angled outwards; of the species 
figured by Bonvouloir, the nearest approach to this structure is 
that of 0. ivallaeei (PI. xl., fig.l), but the elevations are all some¬ 
what different; they are clothed with more ruddy pubescence 
than on the adjacent parts. The rows of elytral punctures are 
in very feeble stri®, but, about the tip, the strin become deep; 
the derm is densely covered with minute punctures, but these 
become visible only after abrasion; the sides of the elytra, from 
the base of the fifth abdominal segment, are obliquely flattened, 
so as to appear as enlargements of the (elsewhere extremely 
narrow) epipleur®, with the upper edge acutely ridged, and, at 
the suture, rather acutely produced. 

PYTHID-®. 

Notosalpdvgus bbunnkus, n.sp. 

Obscure piceous-brown, basal half of antenn® and legs some¬ 
what paler. Clothed with short and sparse but fairly distinct 
pubescence, more noticeable about apex of elytra than elsewhere. 

Head wide and gently convex, with two shallow depressions in 
front, separated by a short, shining space; with crowded, sharply 
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defined punctures, tonne rather thin, extending to base of 
prothorax, slightly dilated to apex. Prothorax lightly trans¬ 
verse, sides regularly increasing in width from base to near apex, 
and then rather abruptly narrowed, on apical half with several 
very feeble denticulations; with dense and moderately coarse 
punctures, more crowded on sides than on middle. Elytra at 
base slightly wider than bead across eyes, shoulders square, sides 
subparallel or feebly diluted to near apex, and then widely 
rounded; with distinct rows of fairly large punctures, larger and 
more irregular about base than elsewhere, and becoming rather 
small posteriorly. Length, lj-2mm. 

Hob .—Tasmania: Hobart, Launceston, Bruni Island.—Western 
Australia: Swan River, Newcastle (A. M. Lea). 

A depressed, densely punctate species, readily distinguished 
from all others of the genus by the uniformly dingy-brown elytra. 
The apical joints of the antennm are gradually enlarged, not 
abruptly clavate as in Neosalpinyus. The denticulatious on the 
sides of the prothorax are so very feeble that, from* most direc¬ 
tions, they are quite invisible; one specimen has a shining median 
line on the basal half of the pronotum; and, on several, there 
are two vague basal depressions; the elytra are without strie, 
although their punctures are in very evident rows. 

Tasuosalpihgub, n.g. 

Head wide, obtusely produced in front. Eyes small, lateral, 
prominent and coarsely faceted. Antenna inserted considerably 
in front of eyes; with a conspicuous, three-jointed club. Pro- 
thorax wide, sides acutely margined. ScuteUum small and 
strongly transverse. Elytra short* Metasternum elongate. 
Leys not very long; front coze rather widely, the others moder¬ 
ately separated, front coxal cavities open behind; tibiae dilated 
towards, and minutely spurred at apex; tarsi moderately long, 
two basal joints of hind pair and three of the othero moderately 
wide and close together, penultimate small and simple, claw-joint 
rather stout, almost as long as the rest combined; claws swollen 
towards base but not dentate. 

The acutely carinated margins of prothorax, each separated by 
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a narrow gutter from the disc, and rather widely separated front 
coxa, readily distinguish the genus from Notoealpingnn^ to which, 
at first glance, the two species appear to belong. Type of genus, 
T. quadrispifotus. 

TaSMOSALPINOUS QUADKlSPITiOTUS, Il.Sp. 

Drossy-black; undersurface, legs, and antennee (club excepted) 
paler, elytra piceoua-brown, with four, large, pale spots. Head 
and prothorax with distinct but somewhat straggling pubescence, 
elytra glabrous. 

Head obliquely flattened, as wide across eyes as length of 
antenna, with a shallow depression on each side in front; punc¬ 
tures dense and sharply defined hut not very large, becoming 
smaller in front. Antenna with second joint almost as stout as 
first but distinctly shorter, third-eighth small. Protkorax at 
widest (which in near the apex) slightly wider than head, apex 
distinctly wider than base, each side of base distinctly impressed, 
margins rather acutely carinated throughout but incurved at 
base; punctures much as on head. Elytra at base about the 
width of prothorax at its widest, feebly dilated to beyond the 
middle and then widely rounded; with rather coarse punctures 
in distinct hut irregular series near base, becoming smaller and 
irregularly disposed elsewhere. Length, l£*]£mm. 

Hab.— Tasmania: Mount Wellington, in moss; Launceston (A. 
M. Lea). 

A short, dumpy species, with prothorax rather conspicuously 
olothed, and elytra glabrous. On the type, the first spot on each 
elytron is a large, irregular one, commencing on the shoulder 
and obliquely directed towards the suture, near which it termin¬ 
ates at the basal third; the second one commences just beyond 
the middle, and is obliquely subtriangular. On one specimen, 
the pale markings are considerably enlarged, so that they appear 
to be the ground-colour, with the infuscate portions marginal, 
sutural, and forming three, large, median spots; the smaller one, 
on the suture, narrowly connected with the others, and these 
connected with the marginal infuscation. 
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Tasmosalpinous PKOMISCUUS, 11 bp. 

Dark piccous-hrowii, antenna* (clubexempted) iiml legs slightly 
paler, elytra with obscurely flavous markings. Head and pro- 
thorax with rather conspicuous pale pubescence, elytra glabrous. 
Length, 1 £-1 j mm. 

Ilah. Tasmania: Hobart, Swansea f A. M. Lea). 

Structurally, close to the preceding species, but elvtral punc¬ 
tures distinctly smaller and nowhere seriate in arrangement. 
The elytral markings, although conspicuous, are not sharply 
defined, and consist, on each elytron, of a humeral spot, lightly 
or not at all connected with a small suhsutural one at the basal 
third, and a larger, post-median spot, fairly wide near the butuic, 
and strongly narrowed obliquely upwards and outwards 

NeOSALPINOUB HttKVIS, n.sp. 

Black, appendages (club excepted) obscurely paler; bead and 
prothorax with a slight bluish or greenish gloss. 

Httad wide, gently convex between eyes, and somewhat 
flattened in front, with very minute punctures. Eyes very 
widely separated, and almost basal. Antenna; moderately long, 
third-eighth joints small, the three following forming an abrupt 
and conspicuous club. Proihorax widely transverse, rai her 
strongly convex; base and apex of subequai width, sides rounded, 
and each with four, small, unisotose deuticulations, each side of 
base with a small depression; with numerous, small but rather 
sharply defined punctures, becoming somewhat crowded and 
larger on sides. Elytra short, at base slightly wider than pro¬ 
thorax, sides distinctly dilated to about the middle, and then 
widely rounded to apex; smooth and apparently impunctatc. 
Length, 1-1J mm. 

/Job. —Queensland: Cairns (Macleay Museum, and E. Allen). 

In general appearance, like small, dumpy specimens of H, 
politn$ t but prothoracic punctures considerably smaller, basal 
impressions smaller and oblique, head sinootffcr; and elytra con¬ 
siderably more dilated. The upper surface is entirely glabrous, 
the undersurface almost so. The head, when seen from the front, 
appears to lie of subtriangular shape, but with sinuous sides; the 

58 
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elytra might (airly lie regarded as impunctate, as the punctures 
are so extremely small that it is only from certain directions, and 
in a good light, that they may be seen under a Coddington lens. 

CUltCULIONIDvE. 

Cyrotyphus varikgatub, n sp. 

Black, parts of tarsi obscurely diluted with red. Densely 
clothed with variegated, depressed pubescence or seta, the elytra 
with numerous, small fascicles. 

Head and l*ase of rostrum with dense, normally concealed 
punctures of in*derate size, apical half of rostrum with small, 
dense punctures. Antennae moderately long, third joint twice 
the length of second, and distinctly longer than fourth, eleventh 
about once and oue-half the length of tenth. Prothorax about 
as long as basal width, which is considerably more than that of 
apex, sides bisinuate, with an irregular ridge on each side of 
middle, rising into a small tubercle near base, each side with a 
feeble, granulate elevation; with dense, more or less concealed 
punctures, and a few scattered grauules. Elytra much wider 
than prothorax, almost parallel-sided to near apex, each elytron 
with two obtuse ridges near base, the inner one moderately 
elevated about summit of apical slope ; with small, distinct 
granules about base, but other granules, and dense punctures, 
normally concealed. Femora stout, rather lightly but distinctly 
dentate. Length, 13 mm. 

ifo6.— 1 Tasmania (J. E. Philp); unique. 

Readily distinguished from C\ fatewulatue, by the prothorax 
being without a conspicuous, transverse series of four tubercles; 
the elytra also are much more conspicuously variegated. The 
apical half of the rostrum is glabrous, but all other parts are 
more or less densely clothed, the pubescence being mostly stra¬ 
mineous, but varying to white (there is a conspicuous, bisinuate, 
white mark traversing the suture slightly beyond the middle) 
and black; on the elytra, there are numerous, small fascicles 
(especially along the suture), all of which are black; the abdomen 
has a vaguely striped appearanoe. 
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ON A NEW SPECIES OH FORM OF EUCALYPTUS. 

By Cutubkkt Hall, M.D., Ch.M., Parrama-i'ta. 

(Plate lxxv.) 

Eucalyptus Marhdkm, f. vel sp.nov. 

Arbor, 30'-50' altitudine, cortices fibrono inferno suporne lievi, 
foliis petiolatis, lunccolatis, acuminatin, falcatis, obliquis, fere 
membraneis; cymis axillaribus; pedimculis 4'" longis, pedicellis 
1J'"; operculo hemisphierico, undxmato; fructibus lieinisphcericis, 
valvis parum exsertis. 

A tree, 30 feet high in specimen observed, and piiibably would 
attain a height of 60-80 feet when fully grown. 

Seedling .—Cotyledons very small, orbicular-reniform, entire, 
purplish on undersurface, glabrous. Leaves opposite, decussate, 
obtuse, shortly petiolate, lanceolate, venation pinnate, rather 
oblique, edges sinuate. Stem reddish, and both it and the leaves 
covered with flue, stellate hairs. 

Juvenile leaves of a more advancer! stage than in the small 
seedling are alternate, petiolate, narrow-lanceolate, acuminate, 
glabrous. Mature leaves alternate, petiolate, lanceolate, falcate, 
acuminate, oblique, greyish on drying, almost membranous, occa¬ 
sionally shiny, and having a pleasant, aromatic scent. Laminte 
6 v -8" long by broad, petiole slender, long. Lateral veins 
oblique, alternately fine, intramarginal vein fairly distant from 
edge. 

Inflorescence axillary, peduncles y long, with rather few 
fipwers in head, 6-9; buds turbinate, 5'" long, operculum hemi¬ 
spherical, shortly acuminate. Stamens all fertile, anthers kidney¬ 
shaped. Fruits hemispherical, 3"' in diameter, rim domed, valves 
small, slightly exaerted. 

Bark of an unusual character for a Eucalypt While it falls 
in the group of the stringy-barks, yet it is laminated, with a sort 

ochreous deposit on the outer surface of each layer. Inner 
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bark very hard and compact. Kut while the trunk anil lower 
branches have such bark, that of the upper branches and branch- 
lets is smooth and greyish, so that the tree is really a half l>ark. 

Timber light brown in colour, fairly heavy, close, straight in 
the gfain, annual rings prominent in the young stage, planes 
and dresses well, and should be useful for technical purposes; 
gum-veins few. 

Locality . -Toongabbio, New South Wales, at the lear of tlio 
Public School, on the Wiatianmlla clay. 

Remark*. -As seen from the description, this form of Euca- 
lypt, on a cortical classification, seems intermediate between the 
smooth-barks and the stringy barks. The timber has not the 
texture of that of the stringy-barks, but more nearly resembles 
that of E . vitninalif* in physical characters The early buds 
resemble those of E. obfujua , but there is no resemblance in the 
mature stage. The mature leaves are generally markedly oblique. 
The fruit resembles that of E. myenioiden, but it tapers more 
into the pedicel, and is not so flat, nor are the fruits so clustered 
on the peduncle. The seedling is intermediate between those of 
E. euyenioide# anil E . Moore i; and, in its hairy seedling-leaves 
and renifonn cotyledons, approximates strongly to the string- 
barks. The renifonn anthers also place it in that category, but 
the hark, timber, and oil, are quite distinct from those of this 
class. As, so far, only a single tree is known, one is strongly 
inclined to conclude that it is either a hybrid or a sport. Strong 
colour is lent to the hybrid theory by the fact of its possessing 
so many of the characters of the stringy-harks, especially in the 
seedling-stage; yet differing from them in others in the mature 
stage, as for instance in the bark, oil, and timber. Hinec the 
only known tree has, unfortunately, lately been cut down, further 
comparison is at present impossible. Now that a description 
has been published, search may reveal further specimens, and 
more definitely establish its status. The tree was a young one, 
about 12-15 years old, and growing on land that had been mostly 
cleared, but with a few well grown trees of E . hfemastomoy E . 
mtinifitra, and E. niderop/Uoia in proximity. Other trees near by 
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were E. crebra, E. eugenioidcs, E. hemiphfoia, E. punctata, and 
h\ ienficornut. I have named this form or species, tentatively, 
E. Mar fide ni, after the llev. Samuel Marsden, the first incumbent 
of St. John’s Church, Parramatta. 

Oih —Mr. H. G. Smith reports that the oil of this Eucalyptus 
was obtained by steam-dintillation, in the ordinary way, from the 
leaves and terminal branches. It was somewhat thick and vis- 
oous, having almost the viscosity of castor oil. It has littlo 
resemblance, either in appearance or constitution, to the majority 
of ordinary Eucalyptus oils, but is more closely allied to the oils 
distilled from E. lunni-anglica and a few others. It has no re¬ 
semblance to the oils of the members of the E. tei'cticornifi-\ group. 
Cineol was practically absent, and phellandrcno could not be 
detected. The amount of oil available did not permit of the 
active terpene being isolated in a pure condition, but it is pro¬ 
bable that dextro-rotatory pinene occurs in small amount. 

Only 38 pounds of material were received for distillation, from 
which 4 ounces of oil were collected, equal to 0*66 percent. The 
oil was but little coloured, and had a fairly pleasant odour. It 
gave the following results:— 

Specific gravity at 15“C. ■* 0*9469. 

Rotation aD» + 4*8“. 

Refractive index at 20°C. » 1*4989. 

Insoluble in 10 volumes 80 per cent alcohol at 16°C. 

Saponification number of esters and free acid = 2, so that 
esters were practically absent. The small amount of free acid 
was removed, and this gave a strong odour of butyric acid. 
The phenol gave the reactions for Tasmanol, but it is probable 
that both phenols occur. The indications are that the oil con¬ 
sists largely of sesquiterpenes. Probably some high-boiling 
aloohols are also present, as indicated by the odour. 

I have to record my sincere thanks to Messrs. R. T. Baker 
and H. G. Smith for muoh help in preparing this paper. 

EXPLANATION OF PLATE LXXV. 

Portion of branohlet of Eucalyptus Marsden *, f. vel sp.n.' 

09 
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STUDIES IN AUSTRALIAN NEUROPTKRA. 

No. 6. Thk Family Psycbopsjdjs, with Descriptions of nkw 
Gbnbha and Species. 

By R. J. Tillyard, M.A., D.So., F.L.S., F.E.8., Linnran 
Macleay Fellow of the Society in Zoology. 

(Plates lxxvi.-lxxviii.; and four Text-figures.) 

In No.4 of this series of Studies(16, pp.271, 289), I gave my 
reasons for considering the Ptychopsidfr to be a separate family, 
and stated that it was my intention to deal with these insects in 
a monograph to follow later. 

In a paper read in October, 1916(18), but unfortunately not 
bearing upon it any indication of the actual date of publication, 
NavAs published, in Spain, a monograph of these insects, and 
classified them as a separate family. This paper has only recently 
reached me, and I cannot tell whether it should take priority 
over mine or not; however, in view of the earlier date of reading 
of Navis* paper, I feel that I must give him the credit of having 
first raised these insects to family rank. 

The conditions arising from the War have made it impossible 
for me to receive, for study, the material that I had hoped for, 
in the non-Australian species of this family. For this reason, 
as well as because of the publication of Navis 1 paper, I have 
decided to abandon my projected monograph, and to confine 
myself mainly to a study of the Australian species. Only in so 
far as this study affects the classification of the family, will it be 
necessary to discuss the other genera and species. 

During the past three years, a large amount of work has been 
carried out upon this family. Of special importance has been 
the working-out in detail of the life-history of one species, 
PsychopsU filtgam (Qu6rin), and the dissection and photographing 
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of the wings of the pupa, in order to study the tracheation. 
Including a considerable number of bred specimens of this species, 
I have had through my hands for study, at one time or another, 
about one hundred examples of these rare insects, and have thus 
been enabled to gain a first-hand knowledge of all the Australian 
species except one. That exception is Psychopsis meyricki 
McLochlan, of which the only known specimens a ns in the 
McLachlan Collection, and are, therefore, not available for study. 

In the present paper, I propose to deal fully with the wing- 
venation of the family, firstly by a study of the pupal wing- 
trocheation, and secondly by applying the results so obtained to 
elucidating the best method of founding genera in the family. 
This matter is one of considerable difficulty, owing to the essen¬ 
tial variability of the characters selected for this purpose hy 
Navis, viz., the amount of cross-venation present. Descriptions 
of new genera and species will also be includod, together with a 
general discussion of the relationships of the family. The full 
account of the life-history of Pay chops in elegant (Guerin) will 
form a separate paper, No. 7 of this series of Studies. 

My thanks are due to Dr. 11. Hainlyn Harris, Mr. H. Long 
man, and Mr. H. Hacker, for the three fine photomicrographs 
reproduced in Plate Ixxvi. 

The Venation of Psychops is elegans (Guerin). 

In Text-fig. 1, the complete venation of Psychopsis elegant 
(Guerin), is shown. Text-figs. 2,3A, give, for comparison, portions 
of the precedent tracheation of the pupal wing, drawn by means 
of the camera lucida from freshly dissected pupal wings. 

It will be seen at once that, broadly speaking, the venation 
and the precedent tracheation agree remarkably closely, as is the 
case with all the more archaic members of the Order Planipennia. 
Trachea precede every main vein, right down to its tiniest 
branchlets; but no trachea precede the cross-veins, which are 
only lightly indicated on the pupal wing. It is, therefore, very 
necessary that we should be careful to distinguish between the 
true cross-veins in the imaginal wing, and those veinlets (or 
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Text-fig. 1. 

Ptychoptia elegant (Guerin). Wing-venation; ( x ft), 1 A, first analia; 2A, 
second analia or baailar; 3A, third analia or axillary; op, apex; 0, 
ooata; cov, ooatal gradate aeriee of oross-veins; cr t recurrent costal or 
humeral veinlet; Ou t oubitua; Ou tf Cug, its branches; g u disoal gra¬ 
date aeries of cross-veins; g% % internal gradate series of cross-veins; 
M, media; M tl Mg, its branches; Mg-Ou,, anastomosed portion of 
Mg with Oui; R, radius; Jle, radial sector; its branches; tn f 

tomus; tv f terminal gradate series of cross-veins* 
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branchletH of main veins) which are preceded hy trachea?. For 
example, the veinlets passing from Sc to the anterior border are 
true veinlets or branches of Sc, but, in families where they are 
not ho prominently developed as in the PxychopttHUt) they are 
frequently spoken of as cross-veins. The small veins which join 
these veinlets together, forming a longitudinal series of gradate 



Paychoptis elegant (Guerin). Traoheation of Iwaal half of pupal wing; 
(x 18). Lettering as in Text-fig. 1. 

veins, are true cross-veins, and are to be regarded as a com¬ 
paratively late acquisition, correlated with the broadening out 
of the costal area in this family. So, also, the three other series 
of gradate veins are true cross-veins, not being preceded by 
tracheae. A further point of distinction between veinlets and 
cross*veins, in this and all other archaic families of Planipennia, 
is that the veinlets, like the main veins of which they are part, 
are hairy, whereas the cross-veins are not. 
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The most striking specialisation in the venation of the Psych- 
ojwuhr, apart from the great enlargement of the costal area, is 
the manner in which the three parallel main veins, Sc, II, and 
Rs, have become strengthened, for from two-thirds to three- 
quarters of their lengths, to form a kind of midrib, from which 
the rest of the wing, apart from the much reduced median, 
cubital and anal areas, is supplied with numerous, delicate, 
radiating veins. I propose to term this strengthened portion of 
these three veins the vena tripfica; its distal end is already known 
as tlm anastomosis. In order to understand this structure, we 
must consult the precedent traeheation. There (Text-fig,3,A) we 



Text-fig.3. 

Ptychopma elf guns (Guerin). The radial anastomosis in the fore wing. A, 
pupal traeheation; B, imaginal venation; j*,, x 9t the two cross-veins 
which join the distal ends of the vena triplica. 

shall find that the trachea! run normally through the anastomosis, 
without any thickening basad to it, and without any true anasto¬ 
mosing between them. The strengthening of these veins, from 
the base to the anastomosis, to form the vena triplica, their ap¬ 
parent unions at the anastomosis, and the strung differentiation 
of their distal portions so as to appear exactly the same as the 
branch-veins above and below them, are purely imaginal special¬ 
isations, peculiar to this family, and not found elsewhere in the 
Planipennia. The development of the irregular series of cross- 
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veins between Sc, R, and Rs may also be correlated with the 
development of the vena triplica, as an additional strengthening 
for the midrib. 

Let us now study the so culled anastomosis more fully. In 
Text-fig. 3, A and R, T have contrasted the pupal tracheation 
with the iinaginal venation in this region. It will be seen at 
once that the actual termination of the vena triplica is not 
accomplished by means of an anastomosis between any of the 
main veins, but by the interpolation of the two cross-veins, x x and 
together with the bending-down of the portions of Sc and 
Ri preceding them. Wo must contrast this strongly with the 
condition to be seen in the Osmylida, where Se and U, approach 
one another distally at a very slight angle, and then fuse together, 
without the intervention of an auxiliary wow-vein, for a consider¬ 
able distance. There is then, in the Osmylida ', a true anasto¬ 
mosis between these two veins; whereas, in the Psyckopttidw, 



Text-fig. 4. 

Types of anastomosis between M and Cu in Pnychoptnt. a, usual type in 
P «. mimim Newman, forewing; h t usual type in P$. elegant (Gu4rin), 
forewing. In Ps . imolrn* MoLaoh., there is usually no anastomosis in 
this region at all. Lettering as in Text-fig. 2. 
there is no true anastomosis, and it would appear to be somewhat 
misleading to term it so, as Navis has done. However, the term 
has already been applied, in Perlaria and Trichoptera, to junc¬ 
tions between main veins, brought about by means of cross-veins 
in line with one another; so that we may allow it to remain, 
provided that we understand that we are speaking of a junction 
of this type, and not a true anastomosis between two or more 
main veins. 
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Turning next to the region of the media and cubitus, on the 
character of which Navas attempts to divide the Australian 
species from the African, as two serrate tribes, on the ground 
that the former have no anastomosis in this region, the condition 
to be seen in Psychosis elegant is shown in Text-fig. 1 and Text- 
fig.4, ft. In the tracheatiou, M a approaches Cu, very closely for 
a considerable distance, and then diverges from it again. In the 
corresponding venation, M a fuses with Cu, for this same distance, 
and the parts of M a just beforo the fusion, and of Cu, just after 
it, are bent so as to appear like oblique cross-veins. It is clear 
that here we have a h'ue anastomosis, comparable with that 
between Sc and H already mentioned in Osmylidm. But this 
anastomosis is not a constant character, either for the species 
elegant or for the genus Psychopsis, as I have noted more fully 
on p.761. The type of anastomosis in this region in Psychopsis 
mimica, in which, usually, M, just anastomoses with M„ at a 
point, and M, in its turn with Cu,, is shown in Text-fig.4, a. In 
other species, such as Ps. insolent, there may be, in the majority 
of specimens, no anastomosis whatever in this region. 

The arrangement of the cross-veins, which are not represented 
in the precedent tracheation, is of great interest. In Ps . elegant 
(Text-fig. 1), we note, first of all, the presence of a gradate series 
closing the disc distally (</,). Tins may be termed the disco/ 
gradate series . Internally to this, and crossing the disc not far 
from its middle, there is another series (g % ), which may be called 
the internal gradate series . These two series will be at once 
recognised as the homologuea of the two gradate series normally 
present in the wings of Chrysopukc, Besides these, there will be 
seen a long series of cross-veins connecting the veinlets of the 
costal space, and extending right from near the base to the apex. 
This may be termed the costal gradate series (ror). Below the 
apex, this series is continuous with a gradate series roughly 
parallel to the discal series, but lying between it and the termen 
of the wing. This may be called the terminal gradate series (tv). 
Except for a slight development of costal cross-veins in such 
genera as Drepanepteryx, the costal gradate series does not appear 
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ill any of the lower Plarripermiii; the terminal gradate series is 
absolutely peculiar to the Ptrychopnidai. 

Of these series, only the discal is invuriably present. The 
internal series is usually present also, but not always. The costal 
and terminal series are later developments, confined to the larger 
species, and evidently correlated with the greater expansion of 
the arm* which they help to support. Further, there is great 
variability in the condition of these scries in almost all sj>ecies. 
As an example of this, I would point out, in Text-fig. 1, the 
presence of a single cross-vein in the forewing between the 
anterior ends of the internal and discal series. This is frequently 
absent; but, in some specimens, it may be replaced by either 
half of an extra series, in others by a complete series of as many 
as thirteen cross-veins, crossing the disc between the internal 
and the discal series! In one case, 1 noted the presence of this 
extra series upon one forewing of a specimen, while it was absent 
upon the other! It will be at once obvious that attempts to 
define genera on such variable characters as these, are foredoomed 
to failure. 

In conclusion, it is interesting to note that, regarded as a 
whole, the wing of Psychopsis presents a very close analogy in 
structure to the feather of the wing of a bird—an analogy which 
is also suggested by such wings as that of Ifrepanrpteryx, but by 
no means so closely. The vena triplica corresponds with the 
rachis, forming the main support or midrib in both cases; the 
position of this support is the same in both cases, viz., nearer to 
the anterior than to the posterior margin. The numerous veins 
radiating out from both sides of the vena triplica are the 
analogues of the barbs of the bird’s feather; and the series of 
connecting cross-veins, or gradate scries, are analogues of the 
barbules, which serve to connect the barbs together. 

Classification of the Family. 

\ We are now in a better position to consider the true value of 
’ the various venational structures which have so far been used in 
subdividing it into tribes, and in defining genera. 
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Our study of the venation shows us that the cross-veins are 
not preceded by trachea*, and that they ait* to be considered as 
a later addition to the main scheme of venation. Thin applies 
more especially to the costal netics of cross-veins and its continu¬ 
ation, the terminal gradate series, which are not fully developed 
in any other family, and are evidently comparatively recent 
ucquireinents, correlated with the great enlargement of the costal 
area. With regard to the discal and internal gradate series, it 
must lie evident that variations in the amount and jKisition of 
the cross-veins forming them will depend partly on the size of 
the insect, and partly upon the number of branches of the radial 
sector possessed by it; we should, therefore, be prepared to And 
a great deal of variation in these characters. If, then, the 
present system of classification should fail to stand the test that 
we propose to apply to it, we shall be faced with the problem of 
finding more reliable characters, on which to rebuild a sounder 
arrangement of the species. 

Though it is not the purpose of this paper to deal exhaustively 
with the non-Australian species, it will be first of all necessary 
to call attention to certain errors and omissions in Navis’ most 
recent work. A paper that claims to lie a monograph of a family 
should surely contain a complete bibliography of all the more 
important papers concerning it, and should also at least list, if 
not describe, all the known species. But 1 find that Navis 
omits from his work all reference to two of McLachIan’s most 
important papers (9,10), in which that fine entomologist described 
a new South African species on the one hand, and the only 
known Burmese species on the other (Pttychopais marehalli McL., 
and Ps. binnana McL., respectively). Consequently, Navis 
gives only four species instead of five for South Africa (unless, 
indeed, one of his own species is synonymous with McLachl&n’s!), 
and is quite unaware that a Burmese species exists at all! As 
there are only fifteen species known altogether, it will be seen 
that these omissions are veiy serious for a monograph. 

Wo must now note some further errors of equal gravity. In 
1910, Navis described specimens of Ptychopeis degam (Gu6rin), 
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surely one of the best known and must typical species of the 
family, as a new genus and species of /feinerubiidtr, under the 
name Zygophlchina vn'miuAnnH Navfts(ii). The description 
clearly shows that, at the time, Navas was quite unaware that 
there was such a genus as Psychopai*, though it had been pro¬ 
posed nearly seventy years liefore, and its type-species was one 
of the most striking of all known PlanqKmnia. Ijuter in the 
same year, N. Banks(l) pointed out that Zyyophfrtnu* was clearly 
synonymous with Paychopais; whereupon, in his next publication, 
Navis suppressed his generic name in favour of Pxyckopaia. If 
he had stopped there, all would have been well. But, in his 
monograph (18), he proceeded to resurrect Guerin's old generic 
name Arieriopieryx (given by that author in ignorance of New¬ 
man's then quite recently published name, Paycfwpaia), the type 
of which is e/syana Guerin, synonymous with verreanxinna Navas. 
He then, quite illegally, further resurrects his generic name 
Zygophlebiua, of which the original type was verreanxinm Naviis 
( *s elegant Guerin), and proceeds to redefine it, and to give it a 
new genotype, Paychopsis zebra Brauer, from Houtli Africa. At 
the same time, he forms the tribe Zygophlebini to receive the 
whole of the South African species, leaving efpgana Guerin, 
together with all the other Australian species, in the tribe 
Paychopaini ! 

Now Zygophlebius was proposed by Navas as a monotypic 
genus, and hence there can be no question as to which species 
was its type. Hence, whether Navis was correct in placing that 
species in Paychopaia , as he did in 1912, or in ArterivjHeryx, as 
he did in 1916, is immaterial to the question. In either case, 
ZygophUbius sinks as a synonym, either of Paychopaia Newman, 
or of Arteriopteryx Guirin. As a notneu nudum, it may not 
again be resurrected in the form of a new genus, to receive, as 
its type, another species of Psyc/uqtaia, viz., Pa. zebra Brauer. 
Further, the tribal name Zygophlebini must sink with it. If 
Pa. zebra Brauer, is really generically distinct from Pa. mirnica 
Newman, it now requires a new name. I therefore propose the 
name Noiopaychopa, n.n., to replace Zygophlebius Navis, 1916, 
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(type zebra Br.), invalidated by Zyyophlebins Navis, 1910, (type 
verran-rinn* Navas — elegant Guerin) itself a synonym for Arleri- 
opteryx Guiriti, synonymous with Peychopsis Newman. 

Having thus cleared the ground to some extent, let us now 
pass to the consideration of the division of the family into tribes, 
as proposed by Navas in 1916 ( 18 , p.188). I give herewith his 
key, translated from the original Spanish:— 


( 1 ) 


"Costal area of both wings divided, at least partly, by a median 
longitudinal series of gradate veinlets {rtnWa* en eecalinata) 2. 
Costal area simple or totally undivided in both wings. Asiatio 
species. 3. Balmexini , uov. 


fTwo anastomoses in IkjUi wings; the anterior formed by the 
subcostal, the radius and its sector, which are united in the 
region of the stigma, the posterior by the prooubitus (- M), 
the oubitus and its sector, whioh are connected in a similar 

(2) { manner. African species.2. Zygophlebini Nav&s, restr. 

One evident anastomosis, vis., the an tenor or radial, formed by 
the three veins mentioned; the others nui parallel without 
bending manifestly in an anastomosis. Australian species. . 

. 1. P*ychop*ini t nov. 


In his description of Peychopsi* birmana{V) y which Navis has 
evidently not seen, McLachlan says:—“It differs from all Aus¬ 
tralian species except P». meyricki in the absence of a line of 
oblique connecting nervules in the costal area”; and, lower down, 
he divides the known species of Peyehopais into two groups, of 
which the first, consisting of P$. meyricki and Ps. birmana, is 
defined by the words “No line of oblique nervules in costal area, 
only two series of transverse gradate veins.” 

The facts of the case are that Pe. meyricki normally lacks the 
costal series of cross-veins, as McLachlan here states. Navis, 
however, who admits that he has never seen this species, is com¬ 
pelled to place it in his genus Magallanes, together with Pe. 
ineolene McLoch., though he defines this genus as having the 
costal space of the forewing subdivided by the presence of the 
series of costal cross-veins, which Pa. meyricki lacks. For, if he 
had anywhere mentioned this character, which McLachlan 
emphasises, his tribe Bcimesini at once breaks down! 
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Here, then, we have an instance of an entirely artificial sub¬ 
division into two tribes, Balmeaini and Paychopaini. We may 
well ask, what is the essential point in the subdivision? Is it 
to divide the Asiatic from the Australian species? If so, then 
the division on the character of the costal space breaks down, 
and Pa. meyricki , agreeing with the Asiatic species in this 
respect, must nevertheless Btand apart from them in the tribal 
division. But if it is the character of the costal cross-veins that 
is the essential matter, the cose becomes even worse; for then 
the Australian species Pa. mw/ricki must at once be removed 
from the tribe Paychopaini to the tribe Balmeaini (all the rest of 
which are Asiatio species), and must also be removed from the 
genus Magallanea, of which its close ally, Pa. inaofena McL., is 
the genotype, and find its proper place in the Asiatic genus 
Bolmesl 

There is only one escape from this dilemma, and that is, to 
admit that the tribal characters here under discussion arc of no 
value, and to suppress the tribe Balmeaini altogether. 

Turning next to the characters of the tribe Zygophlebini Navds, 
as here defined, it is only necessary to draw attention to my 
remarks on the condition of the venation of Paychopais elegana 
in the region of M and Cu (p.756). Navis’ definition for the 
tribe Zygophlebini indicates the presence of an anastomosis in 
the region of these two veins for this tribe, but the absence of 
the same anastomosis in the tribe Paychopaini . One would have 
little hesitation in deciding that both Paychopaia mimica New¬ 
man, and Pa. elegana Gudrin, must go into the tribe Zygophlebini, 
on this definition. Whether the form of anastomosis is the same 
in these species as it is in the African ones, I am not able to 
say; the point is, that the amount of anastomosis in this region 
is very variable, not only for different species, but also for dif¬ 
ferent individuals of the same species. There is only one species 
known to me, vie., Pa. inaoUna McL., in which it can truly be 
said that the great majority of the known individuals have no 
anastomosis in this region; hence, strictly speaking, this is the 
only species that can be rightly admitted into the tribe 
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Paychopaini, as defined by Navas. Thus we come to a rednctio 
ad abanrdum, which it is not necessary to pursue any further. 
The only remedy is to admit, at once, that the tribal characters 
under discussion are of no value, and to suppress the tribe Zyyo* 
phlebini altogether. We are then left with only the tribal name 
Psychojmni, which ceases to have any value as restricted by 
NavAa’ definition, and may be disregarded; leaving us with a 
single family of closely united species, the Psychopnidt*, within 
which no legitimate tribal divisions can so far he recognised. 

Having settled these questions, we may now proceed to define 
the family PsyeJtopsidfe afresh, and to deal more fully with the 
Australian genera and species. This will necessitate a discussion 
of the validity of the genera proposed by Navds for the Austra¬ 
lian species, a re-grouping of the species, and descriptions of two 
new genera and species. 

Family PHYCHOPSIDjH. 

Head ; size small or medium; eyes large and rounded, well 
separated, projecting laterally; ocelli absent or vestigial ; 
antenna* short, set fairly close together, many-jointed. Mandibles 
small, with only a single internal tooth below apex; mO'iillat with 
five-jointed palpi; labial palpi three-jointed. 

Thorax: broad and strongly built; prothorax short and com¬ 
paratively narrow; mesothorax very broad and large; metathorax 
also brood, much shorter than mesothorax, and not fused with 
it. Legs short, the tibia with a pair of terminal spurs, the tarsi 
five-jointed, with small terminal claws and a broad empodium. 

Wings very broad, with broadly rounded apices. Costal 
space excessively widened from base to apex without any dif¬ 
ferentiated pterostigma; the costal veinlets numerous and fre¬ 
quently branched, generally connected by a more or less complete 
series of longitudinal cross-veins (absent or reduced in the smaller 
species); a recurrent vein at the base of the costal space. Sc, B, 
and Bs are strong veins, and run closely parallel, forming a strong 
midrib to the wing, the vena triplica , supported by numerous 
cross-veins; this formation ends at a point between one-quarter 
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and one-third of the length of the wing from the apex, where Sc, 
R, and Rs become joined by strong cross-veins, forming the 
anaetomosiB’, from this point onwards, these three veins continue 
only as weak branching veins, indistinguishable from those 
around them. Branches of Rs very numerous, closely parallel 
to one another, their direction almost parallel with that of the 
dorsal border of the wing. Central area of wing marked off as a 
disc, bounded anteriorly by Us, posteriorly by Cu, and distally 
by a series of gradate cross-veins, the disco! scries. Other series 
of gradate cross-veins may also be developed; in particular, an 
interned seines crossing the disc near its middle, and a terminal 
eeries, lying between the disoal and the termen, and continuing 
the line of the costal cross-veins; apart from these, there is little 
or no development of cross-veins upon the wing. M variable, 
but always with its branches closely parallel, and occupying only 
a little of the wing-space. Cu either two-branched or simple, 
with or without a variable amount of Anastomosis with M. Anal 
veins short, three in number, mostly much branched. 

Abdomen short, moderately stout, completely covered by 
the wings in the position of rest. Aypendaye* variable, usually 
either forcipate or valve-like in the males. 

Eggs oval, with rounded euds; laid separately and attached 
by one side. 

Larva very distinct on account of its large, squarish head, 
from which the enormous jaws project like a pair of calipers; 
mandibles without internal teeth; the body somewhat flattened, 
of moderate width, fairly long, tapering posteriorly to the anal 
sucker; the legs short and formed for running backwards. 
Colouration greyish-brown, with pruinescence. Inhabits crevices 
in the bark of large forest-trees; fiercely carnivorous. 

Cocoon spherical, or nearly so, resembling a large pearl; 
spun from the anus, of fine cream-coloured silk, in crevices of the 
bark. 

Pupa short and stout, of normal Planipennian form. Active 
at metamorphosis, when it cuts open the cocoon and ascends the 
tree for some distance before disclosing the imago. 
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(A full account of the egg, larva, and pupa will be given in 
dealing with the Life-History of Psychopais rlegan* Gu6r., which 
will form the next of this series of Studies). 

Distribution: Australia (but not Tasmania), South Africa, 
Burma, Thibet, and China; suggesting a Gondwanaland origin 
for the family Close relatives of the family were present in the 
Trias of Ipswich, Q. 

The Ptychopirichti are at once distinguished from all other Plani- 
pennia by their shortened antennae, the joints of which remain 
distinct and similar, and by their remarkable wing-structure, in 
which the most striking characters are the great enlargement of 
the costal area, with formation of the connecting costal cross¬ 
veins; the strengthening of 8c, R, and Rs to form the vena 
tripluta , supported by cross-veins between them; the strong dif¬ 
ferentiation between the vena triplicA and the parts of So, R, and 
Rs lying beyond the anastomosis; the formation of the anasto¬ 
mosis by interpolation of two small cross-veins; and the great 
abundance and closeness of the branches of Rs. 


As regards the definitions of the four Australian genera, I give 
herewith Navis’ key to them (13, p.188), translated from the 
original Spanish:— 


0 ) 


m 


( 3 ) 


fForewing with four transverse series of gradate veinlets, three 
in the diso and one the external oontinu&tion of the ooetal 
series; hindwing with only three suoh series, two disoal and 
the external one whioh oontinues that of the oostal field par¬ 
allel to the external margin of the wing*... 1. Pstchofsis Newman. 

Forewing with only three series of transverse veinlets. 2. 

Both wings with three series of gradate veinlets, two in the diso 
between the radial sector and prooubitus (aIf), and the ex¬ 
ternal one whioh is continuous in a curve with that of the 
oostal field...£ Abtsbioptbryx Gu4r. 

.Hindwing with two or one aeries of gradate veinlets. 8. 

Three transverse series of gradate veinlets, very distinot and 
complete, in forewing; only two in hindwing... 8. Wsrnzia Navis. 

Diso of forewing with two oomplete series of gradate veinlets, 
at times a traoe of a third in continuation of the costal series; 
hindwing with only one. 4. Maoallanm Navis. 


According to Navis, the arrangement of the gradate series 
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shown in Text flg.l, determines the insect as belonging to the 
genus Arterioptei'yx Gnir. If, however, the forewing has an 
extra series interpolated in the disc, between the internal and 
diHcal series, then the insect belongs to Peychopttitt Newman. If 
the arrangement for the forewing remains as in Text-flg.l, but 
the hind wing has one series missing, then the insect goes into 
Wemzia Navas. If, in uddition to this, the terminal series in 
the forewing is absent, or only partially formed, then the insect 
belongs to ifayalfanes Navas. 

A complete study of the whole of the cross-veins in the speci¬ 
mens in my collection lias been carefully carried out. The total 
number of specimens studied was sixty-four; but many of these 
have since been given away or exchanged. They represent eight 
species, two of which are new. The following very interesting 
and instructive results are here given:— 

Pnychopsis iilidgfti Froggatt,—The male in my collection has 
three complete series in all four wings. In the forewings, there 
are numerous scattered cross-veins in the upper distal portion of 
the disc (Plate Ixxvii., fig.4), but no sign whatever of a fourth 
series between y x and y t . Hence, according to Navds, this 
insect belongs to Arteriopteryx (Wr. 

In a largo female of the same species, which I examined in the 
Queensland Museum, and of which photographs are given in 
Plate lxxvi., figs. 1-3, there are only three series in the forewings, 
and no irregularly placed cross-veins elsewhere in the disc. This 
specimen, then, also goes into Arteriopteryx , according to Navis. 

Of two specimens in Mr. Froggatt’s Collection, one has three 
complete series of gradate cross-veins in all four wings. The 
other has four complete series on the left forewing, and only three 
on the right. Hence, according to Navas, the first specimen 
belongs to Arteriopteryx, the second partly to that genus and 
partly to Peyohopeis! 

Ptyohopei « mxmica Newman.—I have examined seven speci¬ 
mens altogether. The forewing shows also three complete series; 
in addition, there are a variable number of cross-veins in the 



766 


STUDIES IK AUSTRALIAN NKUROPTERA, vi. 


disc, between g x and <y lt numbering from four to thirteen. In 
only one specimen do these form a complete fourth series; in the 
rest, they form either an incomplete series, or are just scattered 
irregularly. Tn the hind wing, the terminal and discal series are 
complete, but the internal series is very variable, being some¬ 
times complete, and .sometimes very incomplete, with as few os 
seven veins in it. 

This is the type-species of the genus P#ychop*i*. Of the seven 
specimens examined by me, NavAs would place only one definitely 
within P*ycho)mR\ the rest are either intermediate between 
P*yctwp*ifi and Arteriopteryjr % or between Paychopaia and Weruzin. 

Pitychoj>*iH (frwiliti, n.sp,, (Plate lxxviii., fig, 10).—The only 
known specimen shows the three series of the forewing complete, 
together with a very irregular, incomplete fourth series in the 
disc between </, and <j t . (n the hindwing, the diseal and terminal 
series are practically complete, hut the internal series consists of 
only four cross*veins, not forming a continuous series, and not 
close together in line. One would like to know where NavAs 
would place this specimen. 

Psychttpaitt eleynns (GuAr.), (-Pa. nnvmani Froggatt).— 
Twenty-eight specimens of this species have been examined, most 
of them bred specimenH, The cross-venation is very variable. 
In the forewing, the three series are always complete; but there 
may or may not be a fourth. In some specimens, this fourth 
series is complete, consisting of as many as thirteen veins in line; 
in others, there is only half a series; in others again, only three 
or four irregular veins; while, in the majority of specimens, there 
is only one intermediate cross-vein (as in Text-fig. 1), or none at 
all. 1 have seen one specimen having four complete series in one 
wing, and only three in the other! In the hind wing, the ter¬ 
minal and discal series are always complete, but the internal 
series is very variable, being sometimes a complete series of from 
eight to ten veins in line, and sometimes merely from three to 
five irregularly placed cross-veins. Thus, different specimens of 
this species might almost be placed in three of NavAs p genera, 
and we are not surprised to find this author himself placing 
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elegant in Arterxoptery.*\ and newmani in PtychtymM, although 
they are one and the same species!' 

Pttychajm* wrlivagn* (Walker). -Five specimens have been 
examined. The forewing 1ms the terminal and discal senes com¬ 
plete*, the internal series either complete or incomplete. In the 
hindwing, the internal series is absent, the terminal series is 
complete, and the discal series is very variable. It may lie com¬ 
plete and in normal position, or it may he removed in wants to a 
position midway lietween the normal positions of the discal and 
internal series, or it may lie entirely replaced by irregular cross- 
veins; in one specimen, the disc is covered nearly all over by 
irregular cross-veins, not forming any gradate, series at all. This 
van ability should be contrasted with NavAs’ definition of the 
genus Wt'rnzia, of which this sjx^cies is the genotype. 

P*y< 4 hop*U iuxofrn* Walker. -Twenty-one spec in ions have been 
examined. In this species, the forewing has the discal series 
complete, the internal either complete or nearly so. The terminal 
series is usually quite absent; but, in some cases, there are from 
one to five cross-veins belonging to the upper end of this series. 
In the hind wing, the discal series is complete, the internal series 
very variable. Normally either absent or represented by only 
one cross-vein, it is nevertheless present in a fair percentage of 
specimens, either as an incomplete series of two or three veins, or 
as a complete series of four consecutive veins; further, right and 
left wings do not always show the same condition. The terminal 
aeries is absent in the hind wings; and the costal series, which is 
complete in both wings of all the preceding species, is here 
reduced to a shorter series, running from the base outwards for 
a variable distance, from one-third to two-thirds the entire length 
of the costal area. Thus we see that Navis definition of the 
genus Magallanes, of whieh this species is the genotype, will not 
include the whole of the specimens examined. 

Finally, in a single specimen of a new species (Plate lxxviii., 
flg.ll), which will form the type of a new genus, we find the 
discal and internal series present on both fore- and hindwinga, 
the discal series of the hindwings being not quite complete, and 
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removed somewhat inwards from the normal position. The mar¬ 
ginal series is absent from both wings, and there is only a mere 
vestige of the costal series, at the base of the wing. 

(Paychopais mcyricki McLochlan, which I have not seen, is 
stated by its describer to have both discal and internal series 
present in the forewing; but nothing is said as to the condition 
of the hind wing; the costal series is absent). 

Reviewing the above evidence, it is clear that:— 

(1) The genus Paychopsia Newman, being founded upon Pa 
mimica Newman, a species which itself shows great variability 
in the number of its series of cross-veins, cannot be restricted by 
any definition which attempts to limit this variability. 

(2) The genus Arteriopteryx Gu^r., founded upon Pa. deyan* 
Guer., a species very closely allied to Pa. mimica, and with almost 
equally variable cross-venation, must be suppressed entirely, and 
its typo-species retained within Paychopsia Newman. 

(3) The genus Wertizia, as defined by Navis, does not even 
include all the specimens of its type-species. If, however, the 
definition of the genus be widened, then it at once forms a part 
of the Paychopsia -series of species, and should be included in that 
genus. 

(4) The genus Magallane* is founded upon a type-species which 
grades into Wemzia in the characters of some of its individual 
members. This should also, therefore, be removed back to 
Paychopsia. 

If these conclusions be accepted, the genus Paychopsia will 
include forms showing a gradual transition, from four series to 
two in the forewing, and from three series to one in the hind, 
with scarcely a break anywhere in the series. Bearing in mind 
that the gradations are not specific constants, but essentially of 
individual value only, it must be evident that any attempt, to 
subdivide this genus, upon the basis of these variable characters, 
is bound to fail. 

Wo have, therefore, to ask whether we should be content to 
leave all the Australian species in the genus Paychopsia, or 
whether we should seek for some new division. 
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I believe that a natural division of the Australian species is 
possible, wit!iout attempting to make use of characters ho essen¬ 
tially variable as the eross-v citation. Anyone who has studied 
these insects at all fully will be at once struck with the very 
great difference exhibited between Pnt/rhupnin ilfidtjei Froggatt, 
and all the other species. This may be Keen at once by com¬ 
paring Plate Ixxvii., fig.4, \\ith Text-fig. 1 and Plate lxxviii., fig. 
10. Apart from its much greater size, Pm. iHidyex differs from 
all the oilier species by the shape of the wings, in which (but 
more especially in the forewing), the dorsal margin is strongly 
excavated, so that the torn us projects very prominently beyond 
the rest of the wing-area. This species is also unique in possess¬ 
ing raised or embossed areas upon the forewing. Further, there 
is a great difference in the venation, in that the branches of the 
radial sector are far more numerous and closely set in this species 
than in any other, giving the wings the appearance of having 
been made from spun silk or some other fine material. Finally, 
if we examine the condition of the median vein, we shall find 
that it has from four to six branches within the disc; whereas, 
in all the other species, it is only two-branched. These differ¬ 
ences are so striking, that I have no hesitation in separating out 
Ps. xllidyei from the other species of the genus, to form the type 
of a new genus MeyapsychopM, whose full definition will be found 
below. 

All the Australian species left over in the genus PsychopMU 
agree in possessing a moderate number of branches of the radial 
seetor, in having a hindwing about two-thirds as wide oh the 
fore, and with a very characteristic, dark, round spot upon it, 
towards the apex. But I have, in my collection, a small new 
species, in which the hindwing is much narrower, being only 
about half as wide as the forewing, and the dark spot is absent. 
Though these characters do not separate this species so distinctly 
from the rest as do those of Pm. Ulidyei , yet they have the merit 
of being obviously constants. Henee I propose to describe this 
new species under a new generic name, Paychopsella, of which it 
will form the type. The full definition of this genus is given 
below. 
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Thera now ramain within the genus Pnychopni* the six Austra¬ 
lian KjieeieH mwnea Newman, ymcii is, n.sp., t'lwjan# Guer., 
cwhi>aynft Walker, i)isof*>n# Walker, and mtyrioki McLaeh, Of 
these, tlie first three are distinguished by their usually larger 
size, the somewhat an gu luted tom us of the wings, and the pink 
or red colouration of the markings above the tornus of the fore¬ 
wing. Contrasted with these, the other three ara usually of 
smaller size, with more rounded wings, the tornus not prominent, 
and the colouration either fawn, brawn, or black. Tt would 
appear at first sight that those two groups suggest a natural 
division of the genus into two. Hut, unfortunately, the speeies 
t'twjawt Guer., is so variable that it forms a connecting link 
between the two groups. J have a number of specimens that 
ara no larger than well-sized examples of ft innutenr, moreover, 
the smaller the s|>ecimen, the more rounded does the wing 
become; so that iny series of eleyans offers almost a complete 
transition from the angulated tornus, seen in mimica, to the 
rounded tornus of inmlens. Thera remains, therefore, nothing 
but the colour to go upon. The only conclusion 1 can legiti¬ 
mately come to is, that these six species form a natural assem¬ 
blage, which is best expressed as a single genus. But, having 
said that, it should also be remarked that all six species ara very 
distinct forms, and there is no difficulty whatever in separating 
them at sight. A key to those species will be found below. 

Key to the Australian Genera. 

'Ocelli vestigial. Fore and hind wings of almost equal width, 
with the branches of Rs excessively numerous (27 to 32 
in forewing, 18 to 24 in hind), exceedingly olose together, so 
as to give the wing the appearance of the dose texture of spun 
silk i dorsal margin strongly exoavated before the tornus, the 
latter very prominent, especially in tlie forewing. M at least 
fl) four-branched. Forewing* with raised or embossed areas,... 

.MuoAruYCHoro, n.g. (Type, Ptychopri* tilidyt i Krpggatt). 

Ocelli absent. Himlwing distinctly narrower than fore. 
Branches of Us moderately numerous (from 7 to 10), not ex¬ 
cessively dose together; M only two-branohed; dorsal margin 
straight or only slightly exoavated; no raised or embossed 
areas on forewing. 2, 
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Hitidwing about Iwu-UiiitIh a* broad a* fore win#; and with a 

distinct dark roundod spot toward** apex or tarmoti. 

. Psychoi*sis Newman. 

Hindwing only just over one-half as wide as fore win#, and 

without any such spot ... . . 

.PSYi’HOPSKU.A, n.g. (Type, Pnychtywlfn gallai'di, n.g. et «p.). 


M K a a pa Y c II o p s, n.g. (Plates Ixxvi., Ixxvii.). 

Characters as given above. targe insects, expanse over 
50 mm. 

Genotype, Psychops is ilhdgei Froggatt. 

Mkuapsyohoph ILUIKJK1 (Froggatt). (Platen Ixxvi., Ixxvii.). 

Psychosis ilUdgei Froggatt, These Proceedings, 1903, xxviii., 
p.455, PI. xxi., figs.7, 9. NavAs, Congrcso do Valladolid, 1916, 
p.191, flg.2. 

There is no need to add very much to the excellent description 
given by Froggatt. The insect is so distinct and remarkable, 
that it cannot fail to be recognised at sight. 

HaJb>— Mount Tam taurine, tiouth Queensland ; 1,900 feet. 
Exceedingly rare, only five specimens having been taken during 
twenty years, all attracted to light. 

Plate Ixxvi., fig.2, is a very tine photograph of the magnificent 
specimen in the galleries of the Queensland Museum. This 
specimen is an exceptionally large female. Plato Ixxvi., figs.l, 3, 
show the venation of the fore- and hi ml wings of the same speci¬ 
men. 

Plate Ixxvii., fig.4, shows the venation of the small male in 
uiy collection. This is apjwrently the only known male of this 
species. A short description of the points in which it differs 
from the female is here given:— 

Total length , 13'5 mui.; forewing, 26 mm.; hindwing, 22 mm.; 
expanse^ 54*5 mm. Colouration not quite as dark as in female; 
the spots near tornus of hindwings pale and semi-transparent. 

Abdomen very short, only 7 a 5 mm. long, narrowed at base, 
but much swollen anally. Appendages consisting of a pair of 
superior and a pair of inferior, broadly triangular, valve-like 
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latninte, forming a pyramid, which almost completely hides the 
end of the abdomen from view (Plate lxxvii., fig.fi). 

Type, in Coll. Froggatt. 

As the extinction of this fine insect would seem to be only a 
matter of a few years, owing to the gradual clearing of the 
mountain which is its only known home, the following account 
of its habits and resting position, taken from notes supplied by 
Miss M. Davidson, of Cedar Cottage, Mount Tambourine, will 
lie of considerable interest to all entomologists. The figures 
given on Plato lxxvii., figs.6-7, were drawn from pencil-sketches 
of the living insect made by Miss Davidson. 

At rest, the position of the wings depends upon the kind of 
surface on which tho insect is placed. When, as usual, it rests 
upon the bark of a tree, or some fairly wide and flat surface, tho 
wings are held roof-wise over the body, but inclined wide apart, 
at an obtuse angle, as is shown in Plate lxxvii., fig.6. In this 
position, the resemblance to a Reptilian head is very striking, as 
is also said to be the case with the gigantic Hepialid, Leto ataceyi 
Scott. Both insects have the embossed area in much the same 
position, resembling a pair of wide-open eyes. But, in Megapvy- 
chop «, there is the additional suggestion of the forwardly project' 
ing snout, formed by the coalescence of two dorsal bands right 
up to the head. 

The local name for this insect on Mount Tambourine is, as I 
am informed by Mr. W. H. Davidson, the “Cross-bones.” This 
would appear to have been suggested by the resemblance of the 
transverse band on the forewing, with its somewhat narrow 
stalk, terminated at either end by an enlarged embossment, to 
the crossed femoral bones in the traditional pirate’s emblem of 
the “skull and cross-bones.” 

When resting on a twig, the wings are brought closer together, 
so as to form a steep roof over the body, as may be seen in Plate 
lxxvii., fig. 7. The head is almost completely retracted, and the 
antenna folded beneath it out of sight. At night-time, when 
the insect becomes active, or when feeding, the head is protruded 
and raised up, while the antenna are held almost vertically 
upwards. 



fcY n. J. TlLLTAhn. 


773 


In either position of rest, Miss Davidson states that'the re¬ 
semblance of the insect to a moderate-sized fungus is very marked. 
Certainly, the white colour of the wings, with their yellowish- 
browu markings, would suggest this; but I do not know whether 
there is actually any fungus growing on the mountain for which 
the insect might Ik* readily mistaken. Unless there is, we can¬ 
not say that the appearance of the insect is such as to afford it 
readily any protection from birds. From the fact that its wings 
have been seen several times lying upon the ground, the insect 
liaving evidently been seized and eaten by a bird, and also that 
Mr. Davidson himself lost a fine female from his verandah, 
through a bird seizing it, there would seem to be prinia facie 
evidence that its appearance affords it no protection whatever. 
Birds may, therefore, have keen one of the main factors in the 
reduction of the Psychopeidte to a mere remnant since J urassic 
times, and also itr the total extinction of their Jurassic allies, the 
Prohemerobiidw and the gigantic Kall^jrammatidte, 

Mias Davidson s sketches were made from the specimen in my 
collection, which was captured on Dec. 7th, 1916, and was kept 
alive for about a fortnight on sugar and water, in the hope that 
it might lay some eggs. Unfortunately, it proved to lie a male. 
A fine female, which was apparently attracted to it one night, 
was seen in the early morning resting upou the verandah; but, 
as already recorded, was seized and carried off by a bird, before 
Mr. Davidson could secure it. 

Pbychopsis Newman. 

Newman, Entomologist, 1842, p.415. Hagen, Ktett. ent. Zeit. 
1867, p.375. 

Arteriopteryx Guerin, led nograph ie du R&gne Animal, 1845, 
iii. t p.389. 

Arteriopteryx (partini) Navis, Congr. Valladolid, 1916, p.189. 

ZygopKUbins Navis, Broteria Braga, 1910, p.82. 

Wemzia (partim) Navis, Mem. R. Acad. Ci. Art, Barcelona, 
1912, x. t p.195. 

MagaUanm (partim), Navis, Mem. R. Acad. Ci. Art., Barce¬ 
lona, 1912, x., p.197. 
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Characters as given in the key on p.771, with the following 
additions:—'Moderate-sized insects, expanse varying from 25 to 
50 mm.; with or without anastomosis between M and Cu in 
forewing. 

Genotype, PttyrhapBiB mimica Newman. 

With regard to the variable character of the amount of anasto¬ 
mosis between M and Cu in forewing, Text-fig. 4 shows two of 
the variable conditions to be found in the genus. In the type- 
species, Ptt, mimica , the most frequent condition is that shown 
in Text-fig. 4a; but a condition resembling that shown in h may 
also occur in one or lx>th wings. In P*. vlcgwn*, the couunonest 
condition is that shown in ft, but there are many irregularities 
in one or both wings. In P» cfrlitxujutty either of the two con¬ 
ditions shown in a and h may l>e present, or the anastomosis may 
be complicated by the preseuce of numerous cross-veins, or there 
may be no anastomosis at all; this last condition is the most 
usual one for Ps. insolen*. 

Not having seen any of the African species, 1 cannot say 
whether the type of anastomosis on which Navis bases his separa¬ 
tion of these species, as a tribe separate from the Australian ones, 
is of the type here shown or not; hut, as be qualifies his statement 
that M, Cu and its sector (by which, I presume, he means Cu„) 
are anastomosed, by the phrase “magis vel minus sensibili”(13, 
p.199), I anticipate that here, as almost everywhere else, he has 
failed to select a constant character for his subdivision, and that 
a thorough revision of the African species will result in the coin 
plete collapse of his tribal distinctions. 


Key to the Species of P*ychop*i$. 


0 ) 


'Larger species, expanse 33 to .TO nun., with definite, transverse 
fascia; in forewing, and pink or red markings near tornus j 
forewing with more or less prominent tornus. Dark spot on 
hindwiitg placed well Itelow the anastomosis of So, R, and Rs. 

Smaller species, expanse JM to 36 mm., with tesselated, fawn- 
coloured, grey or black markings on forewing; tornus well 
rounded. Dark spot of hindwing placed either upon the 
anastomosis itself, or betweon It and the apex. 


2 . 


4. 
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Faaoiu* of forewing very dUtinot; no blood-red patch situated 

about one-fourth of the wing length from the l»*e.3. 

Fasoim lew distinct; a blood-rod patch on forewing, at aUnit 
one-fourth of the wing-length from twine . . Pa. efeyan* (Clucr.). 


r Twu very distinct and well separated black spots, of moderate 
size, situated near tomunof forewing; at least five transverse 
fascitt*, of which the first ends in a dark blotch overlying 8c, 

K, and Hs at about oiie-fourtli of the wing-length from the 
haw, while the last three converge to waif Is the ton ms. . 

. I\ mi mica Newman. 

Two very minute black spots close together at tormi* of fore- 
wing; only four transverse fasciie, of which the first com¬ 
pletely crosses the wing to the dorsum, while the third and 
fourth converge to meet above the ton ms. . . ./Vr, f/rariVur, n.sp. 

'Spot of liindwing coloring the miamI* »m< nun 5. 

Spot of hmdwiiig placed alwuL half-way between anastomoHiM 
and apex; colouration of forewing yellowish-blown or fawn- 
^ colour... Pm. hutoten* MoLiiuh. 


W 


Forewing heavily marked with black; spot, of hindwing black 

. pH. cit'di'ayuH (Walker). 

Forewing tease la ted with pale grey; spot of hindwing pale 
fusouus. Ps. myrtrki Me Lack. 


Phychopsis MiMira Newman 

Newman, Entomologist, 1842, p.415, 

Froggatt, These Proceedings 1903, xxviii., p.454, PI. xxi., figs. 
3*5 (nec Psychupti* mimica Froggatt, These Proceedings, 1902, 
xxvii., p 367). 

Navis, Congr. Valladolid, 1915, p, 190, fig.l. 

Hwwrobiui tnimicn « Walker, Cat. Neuruptera Bril. Museum, 
1853, p.279/ 

Type, in British Museum. 

This is the most widely distributed of all the known species, 
but by no means the commonest. I have seen specimens from 
several localities in the south-west of Western Australia, from 
South Australia (including several taken at light in Adelaide), 
from Victoria, and from the western parts of New South Wales. 
Along the coastal strip of New South Wales, it is replaced by 
Ps. $Ugan»; but it reaches the coast again around Brisbane, (]., 
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where a number have been taken at electric lights. I know of 
no record further north thau this. 

Pbychopsis GRACILIS) n.sp. (Plate Ixxviii., fig. 10). 

g Total length, 11 mm.; abdomen) 5*5min.; {brewing, 20 5 mm . 
hind wing, 17*5 mm.; expanse , 42*511111]. 

Head pale brownish in colour) 1*8 iurn. wide, eyes black, 
anUnnte pale ochreous, 4 mm. long. 

Thorax: prothorax pale ochreous, 0*6 mm. long by 1 *2 nun. 
wide. Pterothorax pale ochreous anteriorly, shading to dark 
greyish-brown behind, irregularly marked with brown blotches; 
greatest width 2 mm. Legs very short, very pale ochreous in 
colour, slightly darker on tibiae and tarsi. 

Wings with a general resemblance to those of Pa mimica , 
but much more transparent, more delicately built, and less hairy. 
If placed upon a dark background, the wings of Pa. mtmica 
appear white, with their pattern of dark fascia and other mark¬ 
ings showing up very distinctly; those of Pa. gracilis, on the 
other hand, are very transparent, so that neither the venation 
nor the colour-pattern shows up well under these conditions. 
Forewings more triangular in shape than those of Pa. mimica, 
more narrowed towards the base, and slightly wider at the level 
of the tornus. Only four distinot transverse fascia, of which the 
first two are only lightly indicated in the costal area (those of 
Pa. mimica are most strongly marked in this area); the most 
basal fascia runs as a slight arc from So to the dorsum, at about 
one-fourth of the wing-length from the base; the second is incom¬ 
plete, and passes from Sc transversely only half-way across the 
disc, a little baaad of the middle of the wing; the* third is well 
marked on the costal area, slightly broken as it approaches S'o, 
then well marked as it passes downwards, somewhat obliquely, 
to meet the fourth above the tornus; the fourth fascia is also 
well marked in the costal area, and passes just outside the 
anastomosis, transversely downwards, to meet the third at an 
angle of about 50*. On this fourth fascia, just before it meets 
the third, are two distinct blackish spots; below the union of the 
fascia, and extending to the tornus, is a broad pinkish band, 
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carrying two small black spots at the tornus itself. All the 
above fascia are formed, os in Pa. mimiea , of two more or less 
parallel dark linos placed fairly close together, and enclosing a 
paler area. The only other markings are an irregular brownish 
area close to the base, between R and Cu, a series of irregular 
markings along the dorsum, and indications of an extra fascia 
lying below the apex of the wing, parallel and close to the termen 
(as also in Pa . mimiea). Hind wing quite differently shaped 
from that of Pa. mimiea , the base being much narrower, the 
terminal border cut off straight, and the tornus approaching a 
right angle; hind border or dorsum slightly excavated. Dark 
spot somewhat larger than is usual in P$. mimiea , less definite in 
shape, and brownish instead of black. 

Abdomen pale brownish, with darker markings, somewhat 
narrowed basally (apparently much shrunken), enlarged anally. 
Appendagea (Plate Ixxvii., fig.8) consisting of a pair of superior 
and a pair of inferior, triangular, valve-like lamina, partly em¬ 
bracing the terminal segment, but with their apices not meeting 
together in the middle line. 

Type, <J, in Coll. Tillyard. 

Hob.— Booyong, N.S. W , Nov. 1904 (S. W. Jackson). There 
is also a very damaged specimen in the Queensland Museum, 
Brisbane, from Mount Tambourine. 

This very delioate and graceful species is easily distinguished 
from all the known species except Pa. mimica\ the differences 
which separate it from this latter species have been emphasised 
in the key and in the description given above. 

Pstchopsis XLSOANB (Ouirin). (Text-figs. 1-3). 

ArtariopUryx eleyana Guirin, Iconographie du Rfegne Animal, 
1846, iii., p 389. Navis, Congr. Valladolid, 1916, p.193, 

Zygophlebina wmmannus Navis, Broteria Braga, 1910, p.84, 
fig.23. 

Paychopaia mimiea Froggatt, These Proceedings, 1902, xxvii., 
p.367. 

Paychopaia neumoni Froggatt, These Proceedings, 1903, p.464, 
PI, xxi., figs.1-2. Navis, Congr. Valladolid, 1916, p.191. 
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T y p e, in Paris Museum. 

Hab —Eastern coast of Australia, from Sydney to North 
Queensland (Cairns, Kuranda, Herberton). 

This species is occasionally taken at light, or beaten from 
bushes, but was considered quite a rarity until Mr. Luke Gallard, 
of Epping, N.8. W , discovered the larva. Since then, he has suc¬ 
ceeded in breeding a number from larva* found around Epping, 
and T have bred out nearly two dozen from lame taken in various 
localities, including Hornsby and Rerowra, in the Sydney dis¬ 
trict, Wauohope on the North Coast of New South Wales, Bris¬ 
bane, St rad broke Is., Caloundra, Caboolture, Landslx>rough and 
Mount Tambourine, in Queensland Mr. F. P. Dodd has taken 
the insect at Kuranda and Herberton, N. Queensland. 

From larva taken on One-tree Hill, Brisbane, under the bark 
of an Ironhark tree {Eucalyptua Uucoxylon F.v.M.), I bred both 
P$ t eleyan* and Pa. adwagns. There is so little difference 
between the two larvse, except in size, that I was not able to 
distinguish which was which. This«eems to me to be a further 
argument against removing Pa. adtvogna from the genus 
Paychojma. 

PsTCHOPSIfl CCELIVAGCB (Walkor). 

If enter obiua odivogua Walker, Cat. Neuroptera Brit. Mus., 
1853, p.279. 

Payckopaia ccdivagua Froggatt, These Proceedings, 1903,xxviii., 
p.455, PI. xxi., fig.8 (nec Froggatt, t c. 9 1902, xxvii., p.368). 

Wernzxa coeHvoga Navis, Mem. R. Acad. Ci. Art, Barcelona, 
1912, x., p. 195. Navis, Congr. Valladolid, 1916, p.194. 

Type, in British Museum. 

Hab .—Queensland coast, from Brisbane to Kuranda and Her¬ 
berton. A rare species. 

This exceedingly striking species is at once distinguished by 
the remarkable metallic blaok markings of the forewings, as well 
as hy the pure whiteness of the venation, which gives it a roost 
striking appearance. Some years ago, it was not uncommon on 
One-tree Hill, Brisbane; but recent severe bush-fires seem almost 
to have exterminated it, 



BY R. J. TILL YARD. 


779 


PSYCHOPBIB INBOLKN8 McLachl&n. 

McLachlan, Journ. Entomology, 1866, ii., p. 114. 

Psychopsis meliraga Froggatt, These Proceedings, 1902, xxvii, 

p.367. 

Ftychopsit* imolens Froggatt, /.c., 1902, xxvii., p.367; Froggatt, 
Ac., 1903, xxvii., p.454, f.6. 

Mayallanes insolent* Navis, Mem It. Acad. Ci. Art., Barcelona, 
1912, x, p.197 Navis, Congr. Valladolid, 1916, p 196. 1 

Type, in British Museum. 

//rt/>. — New South Wales and Queensland; not uncommon 
It occurs only sparingly in the Sydney district, but is commoner 
on the tablelands, particularly on the Queensland bonier. I 
have good series from KiHarney, also from Mount Tambourine. 
It has been taken as far north as Herberton (K. P. Dodd). Most 
of the specimens appear to have been taken at light. Nothing 
is known of its life-history. 

This species is less beautiful than any of the others, but freshly 
emerged specimens are of a very effective fawn colour, which 
fades considerably with age. 

Psychophib MKTRiCKi McLachlan. 

McLachlan, Ent. Mo. Mag., 1887, xxiv., p.30. 

Magallanes meyricki Navas, Congr. Valladolid, 1915, p.197. 

Type, in Coll. McLachlan. 

Hab.— Jindabyne, N.8.W., 2,800 feet. 

I have not seen this species, of which the unique series of seven 
specimens taken by Mr Meyrick on Jan. 20th, 1883, is in the 
McLachlan Collection. McLachlan gave the habitat as 11 Kos¬ 
ciusko, 2,800 feet,*’ but this is evidently an error. Mr Meyrick 
informs me (in litL) that the specimens were actually taken near 
Mr. Body's Station at Jindabyne. This latter township is on 
the main route to Mount Kosoiusko, but more than thirty miles 
from its summit; the Kosciusko Range does not begin to rise 
from the Monaro Plateau until the junction of the Snowy and 
Thredbo Rivers is reached, and this is some miles beyond Jinda¬ 
byne. It seems desirable to point this out, since the type of 
country in which the insect was taken differs very greatly from 
that found at higher elevations on the Kosciusko Range. 
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Prvchopsklla, n.g. (Plate lxxviii., fig. 11). 

Characters as given in the key on p.771. Small insects, with 
an expanse of about an inch; the hindwings very much shorter 
than the fore. 

Genotype, Piyckopselta gallardi , n sp. 

Pbychop8RLLa qallardi, n.sp, (Plate lxxviii., fig.ll). 

Unique. Total length, 7*8 mm.; abdomen, 5mm.; forewing, 
12*5 ram.; hindwing ^ 9*5 mm.; expanse, 24*5 mm. 

Head 1*3 mm. wide, pale ochreous; eyes dark grey; antenna 
dull brownish, very short, 1*8 mm. 

Thorax: pi'othorax pale ochreous. Pterothorax dull brown¬ 
ish, with darker markings. Legs very short, with pale ochreous 
femora, slightly darker tibia and tarsi. 

Wings: forewing with discal and internal gradate series 
complete, the former consisting of fifteen cross-veins, the latter 
of nine. Costal series of cross-veins rudimentary, consisting of 
only about six cross veins near base, and a single one about half¬ 
way along the costal area; marginal series absent. Colouration 
a very pale ochreous, tesaelated all over with slightly darker 
markings, and here and there small dark brown patches; of 
these, the most prominent are three sets along the vena triplica, 
another just beyond the anastomosis, one near the middle of the 
discal series, two in the marginal area, and some irregular dark 
markings along Cu. Uindwing with short discal and internal 
gradate series, not complete, the former of six or seven cross- 
veins, the latter of only four; no marginal series, and only one 
or two costal cross-veins near base. No markings at all upon 
the hindtving, which is dull whitish and quite transparent. ■ 

A bdomen pale ochreous, prettily marked with a mid-dorsal 
series of dark spots and smaller lateral spots on each segment. 
Appendages: superior, a pair of very conspicuous, depressed, sub- 
triangular processes, laterally flattened, and appearing somewhat 
forcipate from above; these project well beyond the tip of the 
abdomen; each one has its apex rounded, and carries near its 
base, on the outer side, a raised embossment; the whole of the 
appendage above the embossment, and outwards to the tip, 
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carries long, cur\cd, whitish hairs Ventrally, these appendages 
are separated by a broad, short, trapezoidal inferior appendage, 
whitish in colour (Plate Ixxvii., ftg.9). 

Type, in Coll. Tillyard. 

Hah .—The specimen carries no label; but Mr. Gallard, from 
whom T obtained it, informs me that he bred it from a larva 
found near Gosford, N.8.W. 

At first tfight, this species appears to resemble a small speci¬ 
men of P*. imolene . It may readily be separated from the latter 
species by the much more delicate build, the much shorter and 
narrower liindwings, with any markings on them, arid the more 
delicate, paler, narrower, and less strongly marked fore wings 

Relationships of the P s y chop aidfr . 

There can be little doubt that the nearest relatives of the 
Peyehopeidm are to be found in the Mesozoic Fossil families Pro - 
Kemerobiidat and KaUigrammatidaf. The former, which very 
probable represent the original type of the Order Planipennia, 
are known from the Upper Trias of Ipswich, Queensland, and 
from the Lias and Upper Jurassic of Europe. The genus Proto• 
peychopsie Tillyard, appears to connect the Prohmieiobiidai with 
the Peychopaidm very closely. This relationship has since been 
further emphasised by the discovery of a second fossil from these 
beds, differing very little from Megaptychopa illtdget itself. This 
fossil will shortly be described by me in Part 5 of my “ Mesozoic 
Insects of Queensland. 11 The differences between the P*ychop*ida> 
and the Prohetnerobiida are simply those in which the former 
family shows specialisation, viz., the enlargement of the costal 
area, with development of a series of connecting cross-veins, the 
formation of the vena triplica and anastomosis, and, very pro¬ 
bably, the shortening of the antennae. In all known Prohemero- 
biida , the costal space is either quite narrower only moderately 
wide, for its whole width, or only widened at the base; costal 
veins are never developed; Sc, R, and Rs run close together, but 
quite separate, to the apex of the wing, without being partially 
strengthened and separated off to form a vena triplica, as in 
Peyghopaidas; cross-veins ap) ear to be entirely absent from most 
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species, hut may be very weakly indicated between Sc, R, and 
Rs, and also in the position of the gradate serieB (these, though 
shown in my figure of Protop*ychopR\8 % are so faintly indicated, 
that I have been doubtful how far they really existed). The 
oldest forms of Prohemerobiida 1 were only of small to moderate 
size, with only moderately numerous branches of Rs; sj>ecmlisa- 
tions in this family appear to have led to the development of 
forms with an immense number of closely-set branches of Rs. 
The Upper Jurassic forms are, on the whole, considerably larger 
than the Liassic forms. 

As regards the Kalligrammatidec\ these gigantic insects differ 
from the Prohemerobiidte only in the development of a close 
series of connecting cross-veins all over the disc; in the beginning 
of an anastomosis, by connection of So with Rdistally by means 
of a short cross-vein, very much as in Psychopsiv; and in the 
development of the large eye-spots on the wings, recalling those 
of Megapaychops illidgei. The rise and fall of this wonderful 
family was probably very quick; for, if their larva*, as is pro¬ 
bable, were at all like those of Psychopei^ they could scarcely 
have attained to dominance before the rise of the Birds must 
have quickly exterminated them. 

Here let it be noted that Megapsyckops illidgei shows, in the 
possession of a media with more than two branches, a character 
that was evidently possessed by the KaUigrammatxdm (the true 
M of this family is labelled Cu by Handlirsch), and by certain 
of the Liassic Prohemerobiidce t if not by ail. Combining th» 
fact with another obviouB one, viz., that the development of 
numerous branches of Rs, occupying a very large area of the 
wing, is a specialisation confined to the Planipennia, and must* 
of necessity, have caused a squeezing out and consequent reduc¬ 
tion of the media, we are bound to conclude that the ancestors 
of the Planipennia approached more closely to the Panorpoid 
type, as regards the structure of Rs and M, than they do to-day, 
and that the many-branched media of Megaptychop* iUidgei is an 
archaic survival that stands to remind us of this fact. 

I regard the Piychop*idm as a Mesozoic remnant, considerably 
isolated, at the present day, from all other existing families. In 
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order to understand their position, it must be emphasised that 
they have closest affinity with those groups in which the cross- 
venation is limited to gradate series, and Sc is not united with 
R in a true anastomosis (i.*., by actual fusion of the two main 
veins). Thus they show affinity, on the one hand, with the 
Heiwrobiida; (s.str.) ami Dilaridfr, hut remain more primitive 
than either of these, on account of the single radial sector of the 
forewing; while, on the other hand, they are related to the Tri- 
chomatidaij Apochrysid re, and Chrysopidw. The Trichomatid 
like the Psychopsidm^ appear to be a direct offshoot of the old 
ProhemerobiicUr; but their tendency has been towards reduction 
and narrowing of the wings; whereas that of the Paychapsidm 
has proceeded in the opposite direction. In the Apochi'yaida, 
wo recognise a group of insects with certain diameters of the 
wings strongly suggestive of Psychopsid affinities, viz., the widen¬ 
ing of the costal area and the extreme differentiation of the disc.' 
Bearing in mind, however, the slender build and elongated 
antennas, and their evident close relationship with the Chryso- 
pidaty I am inclined to regard these venational characters as the 
result of convergence, rather than of true relationship. Both 
the Ajtochrygidce and the Chrysopidte differ radically from the 
Piychopsidce in the manner of development of the branches of 
Rs, which tend to cross the wing transversely, and have thus 
brought about new tendencies in the development of the gradate 
series, and finally the unique formation of the pseudoinedia and 
pseudocubitus. • 

The larval form of Paychopsis is such that, from it, there can 
be equally easily derived the small-jawed series of larvae found 
in the Hamerobiida r, Chry$opidce } etc., or the long-jawed series of 
the BerothidcB and Omylida^ or the large-jawod series of the 
Nymphida % Myt t malaontidm ) etc. In the last series, there has 
been a gradual addition of internal teeth to the mandible, 
beginning with one only in Afymphidce, and passing up to three 
or more in Myrmehontidet. Hence we shall probably be on safe 
ground, if we regard the larval type found in Paychopau as 
closely similar to that of the extinct Prohemarobiidau 

From the fierothxcfa and Oamylida, the Paychopaidct are at 
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once distinguiahed by the lack of a true anastomosis between Sc 
uud R. The Berothidrr are clearly a specialisation from the 
older J'richomatidfe, the Osmylidt* from a type resembling the 
still existing Po1y8t<zchote# } which, to my mind, will go well 
enough into the Berothidtr as at present defined. It should be 
noted that both paleontological and morphological evidence 
tends to show that the groups with numerous cross-veins in the 
disc are of more recent origin than those without; it is only by 
stressing this point that we can be sure of obtaining a correct 
view of the Phylogeny of the Planipennia, which are an essential 
portion of the Panorpoid Complex, and originated from more 
open-veined ancestors. 
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EXPLANATION OF PLATES LXXVI.-LXXVIII. 

Plate Ixxvi, 

Mtyapey chape ilKdiju (Froggatt), 

Fig. 1.—Venation of forewing of large 9 in Queensland Museum; { x about 

2 *). 

Fig.2.—Large 9 in Queensland Museum; ( * about 14). 

Fig.3.—Venation of hindwing of same specimen; ( x about 2J). 

(Photomicrographs of figs. 1 and 3 token by Mr. H. Hooker, Entomolo¬ 
gist to the Queensland Museum, and sent by Mr. H. Longman, F.L.S., 
Director of the Queensland Museum. That of fig. 2 sent by Dr. R. H&mlyn 
Harris, late Director pf the same Institution). 
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Plate Ixxvii. 

Mrya*ychoi»* *tfidget (Froggatt). 

Fig. 4. -Complete venation of both wings of Hniall <5 in Coll. Tillyard; 
<*4l. (Compare with Plate Jxxvi., aiui contrast with Text.fig.I . 
/«, tot mis; venatioual notation an in Text-fig. 1). 

Fig,.V—Appendages of the same A , postern-dorsal view; ( x 114) 

Fig.fi —The same insert, aim*, resting upon a flat hui face. Dorsal view; 

<*1 i). 

Fig. 7. —The «arne insect, alive, resting upon a twig. Lateral view; ( * 1£). 
Psydiop*ifi gractfi*, n.sp. 

Fig.H. - Appendages of 6 . Ponte ro-dorsal view; { * 114). 

PMt/chojMelia yallartli, n.g. et sp. 

Fig.ll. Appendages of <5. Postero-dorsal view; ( x *27). 

(Figs, fi-7 drawn from pencil-sketches sent hy Miss \1. Davidson, of 
Cedar Cottage, Mount Tambourine, Q. The dark colouration is a rich 
brown, and resembles a fairly thick layer of varnish. In fig.4, the dotted 
double-arc indicates the external raised edge of the large embossment in 
tbe forewing; the dotted oval represents the area covered by the dark 
spot in the hind wing. In fig. 7, the abdomen of the insect is slightly 
visible through the semitransparent wings). 

Plate Ixxviii. 

Fig. 10.— P*ychop*i» f/ronVi*, n.sp., <5 , in Coll. Tillyard; ( x 4). 

Fig.ll. —P*ychoptiella yallardi, n.g. et sp. Unique J in Coll. Tillyard; 
(xfi). 
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STUDIES IN AUSTRALIAN NEUROPTERA, 

No.7. Thk Life-Hihtoky of Pswoopsis humans (Guerin). 

By R. J. Tillyakd, M.A., D.Sc., K.L.H., F.E.S., Linnkan 
Mactkay Fellow* of the Society rv Zoology. 

(Plate Ixxix., and twelve Text-figures). 

The only account of the life-history of any species of the family 
Paychopaukc is the short, popular account of the life-history of 
Paychnpai* eld/uns Guerin, given by Mr. Luke Gallard in the 
“Australian Naturalist” of 1914.* From this we learn that 
Mr. Gallard captured a female of Pa. eleyana (he uses the syno^ 
nym netvmani Froggatt, throughout, for this species) at Kent- 
liurst, N.S.W., in 1904. This insect laid over fifty eggs, some 
of which Mr. Gallard raised to about one third of the full larval 
size. Mr. Gallard informs me that it was one of these specimens, 
newly hatched, which is figured on p.62 of Mr. Froggatt’s “Aus¬ 
tralian Insects” as the larva of Paychopaia mimica Newman. 

Mr. Gallard did not succeed in rearing the imago until 1911. 
A larva taken in March, 1911, by Mr. J. Blake, of Narara, near 
Gosford, N.3.W., was kept alive by Mr. Gallard until December 
11th of the same year, when it spun a cocoon in the box, the 
imago emerging on January 16th, 1912. Since then, Mr. Gallard 
has discovered the larvae in many localities round Sydney, and 
has bred a number of specimens. 

In 1915, when I had begun the study of the Neuroptera 
Planipennia, and .was very anxious to study the Paychopaida* in 
particular, Mr. Gallard very generously invited me to accompany 
him in the field, and showed me the ingenious ways by which he 
found these larvn. I shall never forget the skill and energy 
that he displayed in this work. As the whole credit for the 
discovery of this larva rests with him, and is simply due to his 

* u Notes on Paychopaia newmani/* By Luke Gallard, Australian 
Naturalist, Ui.» Part 9, 1914, pp.29-32. 
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persistence and keenness in following up clue after due formally 
years, T should like to take this opportunity of congratulating 
him upon the fine results of his work, and of thanking him very 
heartily for tin help offered to me, without which I feel quite 
certain that neither J nor anyone else could possibly have hit 
upon the track of such a remarkable larval form as this. 

Since Mr. Gallard first taught me how to find this larva, I 
have discovered it in many localities around Sydney, also near 
Waucliopc on the North Coast of N.S.W., and in many places 
in S. Queensland, including Brisliaue (One-Tree Hill), Strad 
broke Island, Mount Tambourine, Caboolture, Caloundra, and 
Landsborough. It probably occurs all along the Eastern Coast¬ 
line of New South Wales and Queensland, wherever there are 
suitable rough-barked, Myrtaceous trees for the larva to hide in. 

In the present paper, I propose to give a full description of 
the egg, larva, and pupa, together with an account of the habits 
of the larva, the spinning of the cocoon, the emergence of the 
imago, and some details alwut the latter that have nob yet been 
carefully investigated. 

My thanks are due to my wife for the execution of Plate lxxix., 
from the living larva and pupa, in collaboration with myself. 

The Life-cycle of Payohopele elegant (Uu6rin). 

The complete life-cycle of this species occupies about two 
years. The larva, like almost all others of this Order, has only 
three instars, during each of which an enormous increase occurs 
in the size of the body, the size of the head remaining constant 
in the meanwhile. The following Table exhibits the duration of 
each period :— 

Period. Duration. 

tiyy ... About twelve days. 

FirU larval inrtar .. About eight months, including hibernation. (Feb - 
Sept.). 

Strand lart'af instar ... From four to live months, without hibernation. 
(Sept.-Feb. or March). 

Third larval imtar .,. About nine months, including a second hibernation, 
and a fortnight to three weeks within the 
ooooon before pupation. (March-Nov.). 

Pupa ... ... About three weeks. 

Imago ... About two months. <Deo.-Feh.) 
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The Egg. (Pluto Ixxix., tig l; 'lYxt-flg.l). 

Tlie eggs are laid separately, or only two or three together, at 
considerable intervals of time; probably, in the natural state, 
upon the bark of Myrtaceous trees, especially Eucalypti. In 
captivity, most of the eggs were laid upon cotton wool. They 
are not stalked, ami are laid upon one side, which is attached to 
some object by a slight secretion of gelatinous mattci. 

The egg itself is oval, about 1 nun. long by 0 45 mm. wide in 
the middle, and is of a semi-opaque creamy 
colour, tinged with pale green. At its anterior, 
end there is a distinct micropylar projection, 
as shown in Text-fig. 1. The egg is quite 
smooth, without &uy pattern or sculpture. 

The eggs are usually laid in January or Feb¬ 
ruary. At the end of about twelve days, they 
hatch. The young larvw, hitherto curled up 
inside, crawl straight out of the broken shell, and at once make 
for some small crack or crevice in the bark, where they may 
escape the numerous enemies that would otherwise speedily 
compass their destruction. 

First Larval Instar. (Plate Ixxix., Hgs.2-3; Text-lig.2). 

The newly-hatched larva is somewhat more than three times 
as long as the egg in which it was confined, the measurement 
being takeu from the tip of the mandible to the anal papilla. 
As with all Planipennia, such a comparatively large larva cau 
only be contained within the egg by considerable folding of 
parts; the head being tucked down below the breast, and the 
posterior half of the abdomen being again folded forwards under 
the head. 

At first, before the larva has takeu any food, the head is very 
large in comparison with the rest of the body. But* after one 
or two large meals, the abdomen begins to be distended with 
food, and the general appearance of the larva undergoes a great 
alteration, as can be seeu by comparing Plate Ixxix., figs. 2 and 3. 
This change takes place in every instar of all Neuropterous larvw 

* Two eggs of Ptyehopm ihguna iGu6r.); ( x 20). 
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known to me. The reasons for it are two; firstly, that there are 
only three or four larval instars in this Order; and, secondly, 
that no food at all is excreted, the waste-products beiug stored 
in a special sac or cham¬ 
ber of the alimentary 
canal, which is not cast 
out until the emergence 
of the imago Hence it 
is clear that a large in¬ 
crease in the size of the 
abdomen is inevitable 
during each larval m- 
star, whereas the size of 
the head can only be in- 
creased at eedysis. 

The head of the young 
larva is somewhat 
flattened, trapezium- 
shaped, and wider in 
front than behind ; 
length about 0*6 mm,, 
breadth in front about 
tho same. At the two 
anterior angles, which 
are somewhat rounded, 
are the two groups of 
simple eyes, occupying 
the area from which the 
compound eyes of*the lext-flg.2. 

pupa and imago are lafrr developed. There are five ocelli in 
each group. The anterior border of the head projects in the 
middle to form the prominent triangular labrum, on either side 
of which lie the long, slender anfennte, which are eight-join ted. 
The mouth-parts are very extraordinary, consisting of a pair of 

* Newly-hatched larva of Pa, elegant (Mu6r.); (x 30): ft, part of hind leg 
of same, to show tarsal claws and empodium, the latter in the form of an 
elongated prooess terminating in a suoklng-diso; (x 87)* 
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enormous caliper-like mandibles, 0*7 inm. long, a .similar but 
slenderer pair of maxilla without palpi, and a small triangular 
labium carrying a pair of four-jointed palpi. There are no teeth 
on the mandibles. 

The segments of the thorax are slightly narrower than the 
head, and subequal, the prothorax being the longer, hut some¬ 
what the narrower The legs are short, the femora lasing fairly 
stout, the tibia shorter and slenderer, and the tarsi very short 
and un join ted Distally, the tibia are armed with a pair of 
strong spurs. The tarsi end in a pair of short, strong claws, 
Inst ween which there projects a long, slender cm podium, ending 
in an enlarged suction-disc, and closely resembling the same 
structure in the larva of Chrysopidcr. The larva is able to crawl 
forward slowly, but prefers to walk backwards, which it can do 
with considerable speed, using its anal papilla as well as its legs. 

The segments of the abdomen Are nine in number, together 
with a terminal anal papilla, which represents the reduced tenth 
segment and the anal appendages. These segments are narrow, 
and taper from before backwards. The whole of the abdomen, 
as well as the head and thorax, is clothed with short, stiff hairs. 

The Bpiracles in the newly-hatched larva are eighteen in num¬ 
ber, there being a pair upon the prothorax, and also upon each 
of the first eight abdominal segments. They are, however, very 
difficult to make out, the spiracular openings tieing small and 
devoid of armature. 

When first hatched, the larva is semi-transparent, with very 
little oolour-pattern. Later it darkens to a greyish-brown, which 
tends to become overlaid with a whitish pruinesccnce. These 
changes become more marked in the following instArs. 

At the end of the first instar, the larva has at)out doubled its 
length, and the segments of the thorax and abdomen have 
increased greatly in width and length, so that the head now 
appears very small in comparison. 

As soon as the cold weather sets in, in Mayor June, the larva 
ceases to feed, and remains motionless, hiding away in a crevice 
of the bark, until the warmer weather Iwgins in September. It 
then becomes active again; but, after one or two good meals, it 
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again rests for some days, and then undergoes its first ecdysis. 
This appears to bn fatal to many of the larva.*, chiefly owing to 
the great difficulty experienced in removing the head from the 
very hard shell of the cuticle enclosing it 

Second Larval fnstar (Plate lxxtx., fig.4; Text -tig,3). 

At the first ecdysis, there is a great increase in the size of the 
head of the larva, which now becomes about 1*4 inm. long in an 
average-sized larva. (There is considerable variation in the sizes 
of individual specimens, and this is not rectified in the imagines, 
which also vary greatly in size). The head becomes more de¬ 
finitely trapezium-slmped than liefore, owing to the increased 
definiteness of the four angles; its colour is a riel) brown. An 
extra joint is added to the antenna;, which are now nine-jointed, 
and to the labial palps, which Ijecome five-jointed. The man¬ 
dibles and tnaxillte are almost as long as the head, shaped as in 
the first instar, but of stronger build. The ocelli become more 
plainly marked, each set of five being placed upon an irregular 
darkened area just behind the base of the antenna. 

Text'fig.3 shows the cast skin of the head of the larva at the 
end of this instar. The armature of the head is very remarkable, 
consisting of numerous raised papilla, from each of which a tiny 
hooked hair projects; these are especially conspicuous upon the 
sides of the head, and upon the projecting triangular Jabrum. 
The figure shows very plainly the mid-dorsal and lateral splits 
which take place in the cuticle at ecdysis. 

As at hatching, so also at the beginning of the second iustar, 
the three thoracic segments are approximately equal in size, the 
prothorax being somewhat longer and narrower than the other 
two. After a meal, the meso and metathorax swell up, like the 
abdomen. But the prothorax can only swell up posteriorly, the 
neck-constriction remaining unchanged; so that this segment 
soon becomes much narrower than the other two. The legs 
remain small, and formed as iu the first instar, with unjointed 
tarsi. 

The abdomen is at first fairly slender and tapering towards 
the anus. As the larva feeds, it swells up rapidly, and assumes 
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the somewhat broad, flattened shape shown in Plate Ixxix., flg.4. 
A slight pattern becomes noticeable upon the abdomen and 
thorax, more markedly in some individuals than in others. This 
is mainly due to the onset of pi uincscence, which leaves the 



Text-fig. 3. 

Osst skin of head of larva of P$. elegant (GuAr.)» at seoond eodyais; ( x 30). 

original dull brownish colour of the body more definitely marked 
mid*dorsally and in the sutures. A pair of darkish spots can be 
made out on the meso- and metathorax, marking the positions of 
the ptfimula of these segments (see p. 800 ). 

At the end of the seoond instar, the larva has increased to 
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about 8 mm. in length, and is very stout. As this instar has 
been passed entirely in the summer-months, with an abundance 
of food and warmth, growth is comparatively rapid, and the 
second ecdysis usually takes place during February or March of 
the second year of larval life. This ecdysis does not appear to 
be such a crisis in the life of the larva as was the first one; pos¬ 
sibly because the larvie are more active m the warm weather, 
and make greater efforts to free themselves from the hard cuticle 
of the head, which is again the principal cause of any mortality 
that occurs at this period. 

Third Larval Instar. (Plato l\xix., fig 5; Text-figs.4-fi). 

As before, this second ecdysis results in a great increase of 
the size of the head, which broadens considerably, becoming 
squarish, as shown in Plate Ixxix., fig.5. The increase in length 
is only a moderate amount, but in breadth it is more than 90 
per cent, of the width at the end of the second instar. The 
labrum broadens with the head, and loses its triangular shape, 
as may be seen by comparing Text-figs. 3 and 5. The antenme 
sometimes become ten-jointed, but I have only been able to 
count nine in several specimens. The labial palps remain five- 
join ted, and there is no change in the shape of mandibles or 
maxilla. 

Thorax, legs, and abdomen remain of the same shape as in the 
second instar. The pattern varies greatly for different indi¬ 
viduals, some being brown all over, others brown with grey 
pruinescence, and others entirely grey, or almost white, and 
strongly pruinescent all over. The head usually remains a rich 
dark brown; but I have seen specimens with strong pruinescence 
upon the head also. 

During March and April of its second year of existence, the 
larva feeds up rapidly, and many specimens become apparently 
full-fed by the time winter sets in. None, however, attempt to 
spin up, but remain dormant in crevices of the bark until the 
warmer weather of the Spring returns. During this second 
hibernation, great mortality occurs, many larvn being attacked 
by some obscure fungoid disease, and others apparently dying of 
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cold. Out of thirty larvae brought from Wauchope, N.S.W., in 
February, 1917, I succeeded in rearing only six to maturity. 

Before describing the spinning of the cocoon, we may profit¬ 
ably study, somewhat more minutely, certain of the larval struc¬ 
tures. as they are to be seen at the end of the third instar. 

The Mandible* (Text-fig.4,«, h) are a pair of huge curved jaws, 
immensely strong, and of a 
rich dark brown colour. 

They are smooth in outline, 
atyd without visible teeth; 
but an examination under a 
higher power will show the 
presence of about six small, 
back wardly directed serra¬ 
tions on the inner edge, close 
up to the tip, as in Text- 
fig 4, b. These undoubtedly 
help in preventing the escape 
of the prey, when once it lias 
been pierced by these power¬ 
ful jaws. On the ventral 
aide of each mandible, there 
is a very definite groove (gr) 
which receives the maxilla, 
lying directly below it. The 
length of the mandible is 
2*7 mm. 

The Maxillce (Text-fig.4,c; 
are not unlike the mandibles 
in size and Bhape, but are 
slenderer, and slightly more 
curved towards the tip. They are entirely devoid of armature, 
exoept for their very sharp points. Each maxilla carries a very 
faint groove upon its dorsal surface, a little wider than the groove 

* a, Mandible of larva of Pnychopeie elegant (GuAr.), third instar; ( x 30). 
b, Tip of same, to show the series of fine serrations; (x 87). <*, Maxilla of 
»; c, oardoip, palpiger; 4, stipes; (x 80). 
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of the mandible. In the living larva, the maxilla may be seen 
at times playing freely forwards and backwards beneath the 
mandibles; so that it is evident that they have considerable free¬ 
dom of movement, in spile of being designed to act as a pair of 
complete sucking-tubes in conjunction with these latter. 

Whereas the groove in the mandible can be followed with ease 
right up to the tip, that of the maxilla cannot be so followed, 
and is evidently of a much more imperfect nature. Hence the 
complete sucking-tube must l>e formed at least partly by pressuie 
of the two pairs of jaws, one upon the other, and not by a close 
interlocking of parts. I have frequently seen the tips of the 
maxilla! pushed a considerable distance forward beyond the tips 
of the mandibles; this could scarcely happen unless the fit of the 
maxilla upon the ventral surface of the mandible were a some¬ 
what loose one, seeing that the calibre of the groove varies 
greatly from tiase to tip. 

When the maxilla is dissected out, it is seen to he considerably 
swollen near the Uise, and to carry, below the swollen part, three 
flat, chitinised plates, two of which are broadly triangular, the 
third very narrow. These are placed in the positions of cat'do , 
iiipes, and pnJpiger of a normal maxilla, and appear to represent 
those three sclerites. As regards the elongated spear that forms 
the principal part of the maxilla, this would appear to be the 
galea. But, unless the transformation of these parts, from their 
abnormal form in the larva to their normal form in the pupa, 
can be followed out at metamorphosis, in such a way that there 
can be no doubt upon the matter, I do not think that we can be 
sure of their homologies. 

The Labrum and Clypeue (Text-fig.B). These together form 
one piece in the larva, indistinctly divided transversely, as shown 
in the figure. The clypeus is covered with the usual hooked 
hairs, set upon raised papilla The labrum is a strongly pro¬ 
jecting curved lobe, carrying only three rather large hooked 
hairs on either side. 

The Labium (Text-fig.6). This consists of an undivided tri¬ 
angular basal portion, from the two anterior angles of which 
project the five-jointed palpi. The baAal joint of each palp 
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carries a single hooked hair on its inner side, and there is a 
larger one situated just below it. Five or six smaller hooked 
hairs are situated on either side of the middle line, upon the 
basal portion of the labium. 

This basal portion of the labium remains undivided through¬ 
out all stages in Peychopaisy and probably represents both 
inentum and subinentum combined. 




The Body*Armature (Text-figs. 7, 8). We have already de¬ 
scribed the peculiar hooked hairs, set upon raised papillae, which 
are found upon the head of the Urva. They also occur upon the 
hard tergal plate of the prothorax, which is formed of tough f 
dark brown ehitin, like that of the head. Upon the rest of the 
thorax, and upon the abdomen, these hairs are almost entirely 
replaced by more highly specialised structures, which I shall eall 
doliehaeters (Greek SoAix&i long; and wmjp, a star). The doli- 
chaster is a more or less elongated, hollow, chitinous structure, 
set upon a definite papilla; it is very narrow at the base, but 
expands distad in narrow pyramidal form, and ends distally in 
from four to nine sharply projecting points, which pass beyond 
tbe general periphery of the enclosing chitinous membrane. 

1 labrura and olypeus of larva of P$ % eleyan* (Gu6r.), third inatar; ( * 90). 
t labium of larva of P*< degam ((Mr.), third inatar; (x 90/, 
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Viewed end on, it is more or less star shaped, being in the form 
of a fairly regular polygon with concave sides. Typical doli- 
ehasters are shown in Text-fig. 7, «, 6, and c. These structures 
are very abundant all over the ubdoinen and thorax, excepting 
upon the hard tergal plate of the proihorax, on which only an 
occasional one can be seen. 

The dolichaster is clearly a specialisation from a normal hollow 
sensory hair or macrotrichion. This may be proved by a study 
of the eighth and ninth segments of the larva. On the ninth 
segment, the macrotrichia are of normal form. On the eighth, 

there are a few of normal form, 
but most of them are slightly 
thickened and blunted at the tips, 
and a few can he seen having the 
projecting distal points or angles 
of the true dolichaster-form. On 
the seventh, the dolichaster-form 
is fully established, but remains 
very elongated, for the most part. 
On the rest of the abdomen, all stages from a very narrow, 
elongated dolichaster with only four or five rays, to a shorter 
and stouter dolichaster with from seven to nine rays, can be 
easily followed. 

Dolichasters vary from 40 to over 100 ft in length, and from 
about 20 to 30/u in extreme width distally. 

We may compare the dolichaster with the bulla % such as is 
found in the larva of Micropteryx (Order Lepidoptera). In the 
bulla, the macrotrichi&l chitin becomes very soft, and the internal 
cavity is enlarged so that the hair expands into the form of a 
soft, swollen bulb. Weak longitudinal supporting rays are, how¬ 
ever, present, as may be seen by a careful examination of the 
bulla under a high power. Moreover, when the bulla is viewed 
end on, it, too, like the dolichaster, exhibits the stAr-shaped 

* Doliobasters from integument of larva of /V elegans (GnAr.), third 
instar; (x 330). a. Long, five-rayed form; h , four-rayed form; c t shorter, 
seven-rayed form. Above b and c are shown four examples of miorasters, 
also x 330. 
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distal end, though the periphery of the soft ehitinous bulb, in this 
case, projects out well beyond the outline of the star. Thus the 
bulla is a higher specialisation from the original macrotrichion 
than is the do)ichaster, and can be developed 1 from the latter by 
further softening of the chi tin forming it, and further swelling 
up of the internal cavity. 

The dMcha*ter may also l>e compared very closely with a 
typical .scale, such as is found upon the lx>dies of Colleinbola, or 
upon the wings of Lepidoptern. If the doliohaster were to 
becomo flattened down upon itself symmetrically from the side, 
it would differ very little from a scale; the longitudinal edges or 
rays would become the longitudinal stria* of the scale, and the 
sliArp distal points of the doliohaster would remain as a scries of 
distally projecting angles, such as are very commonly found in a 
large number of Lepidopterous scales, particularly amongst the 
Heteroneura. 

Besides the dolichasters, the body of the larva in Psychopsu 
carries, in a number of places where the chitin is very soft, an 
immense number of minute, star-shaped structures, which I shall 
call micraslerB (Greek piKpos, small; and Jumjp) Where they 
occur, they are developed from every single hypoderm-cell in the 
neighbourhood, and are thus many times more numerous than 
the doliehasters of the same region. The micrastcr is a minute, 
sessile, flattened star, not set upon any definite papilla, and 
raised but little above the general surface of the integument. 
Text-flg.7 shows a set of four miorasters with four, five, six, and 
seven rays or points respectively. 

The micrasters vary from 1 to 3p in height, and from 8 to 12p 
in extreme width. Thus they are always smaller than the basal 
papilla of the dolichasters, which range from 12 to over 20p in 
width. 

It can be easily seen that the micrastcr is simply a specialisa¬ 
tion of the minute microtrichia which occur normally upon many 
parts of the body of an insect, especially in the sutures and 
other places where the chitin is soft, in the form of tiny hooked 
hairs. A search over the larval integument of P$ychop*i* shows 
that, tor the most part, these microtrichia are only feebly de* 
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veloped, as minute processes flattened down close to the integu¬ 
ment itself. In other places, they can be seen to be divided 
into two short processes at an obtuse angle to one another. 
From this form, the transition to a four-rayed micraster is quite 
a simple one. As microtrichia are developed from every single 
unspecialised hypoderm-cell, in the regions in which they occur, 
it follows that the same will be true of the micrasters in any 
given region, as we find to be the case here. 

Pinacula , or small plates of hardened brown chi tin, carrying 
one or more hairs or setie, occur upon the meso- and metathorax, 
and also upon the sixth to eighth ab¬ 
dominal segments. Each segment men¬ 
tioned has a single pair of pinacula placed 
more or less dorso-laterally. 

The simplest pinacula are those of the 
abdomen, of which one is shown in Text- 
fig. 8, together with its corresponding 
spiracle It is a somewhat irregular oval 
patch, which carries a single excessively 
elongated and slender hair, quite unlike 
any other hair to be seen in this larva, 
and about one-third of a millimetre long. 
The two pinacula of the eighth segment 
are placed rather close together, on either 
side of the mid-dorsal line. Those of the 
seventh segment are placed further apart. 
Those of the sixth are much smaller, and 
still further apart. Sometimes a vestige 
of a similar pinaculum may be observed 
upon the fifth segment also, in good 
chitin-preparations. 

The pinacula of the meso- and metathorax are much larger 
and darker areas, whose position has I men already indicated in 

* Details from the integument of seventh abdominal segment of larva 
of P*. eftgana (Gu6r.), third instar, d, A doliohaater; pn, pinaoulum with 
long, slender macrotrichion; ftp, spiracle, in situ; (x 1071, Three other 
doliohasters surrounding the spiracle are omitted. 
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describing the colour paltoni on p.793, since they occupy the 
darkish spots there mentioned, and shown in Flute lxxix , figs.4, 
5, Each pinaculum carries from two to four dolichasters, and a 
single small seta upon a raised papilla. In specially good pre¬ 
parations, I have seen the blind ending of a small trachea upon 
the integument close to the pinaculum; this would appear to 
indicate the original position of the rueso- or metathoracic 
spiracle, which has evidently become suppressed. 

The Spiracles .—In all three larval instars, the number of 
functional spiracles is eighteen, viz., a pair upon the prothorax, 
and a pair upon each of the first eight alxlominal segments They 
are all very small", simple openings, the rim of which is slightly 
strengthened and darkened. As far as I can see, they are quite 
devoid of armature or ornamentation of any sort. A single 
trachea, whose calibre is approximately equal to that of the 
spiracle itself, passes inwards from it to the main tracheal trunk 
on each side. The prothoracic spiracles are the largest pair; 
next in size are those of the eighth segmeut, with those of the 
seventh, sixth, etc., in descending order of magnitude up to the 
first. Text-fig.8, */>., shows one of the spiracles of the seventh 
segment in nVu, with its corresponding pinaculum (all but one 
of the surrounding dolichasters removed). Owing to the great 
number of these latter, it is always difficult to locate the spiracles 
in this larva. 

The Anal Papilla (Text-fig.9).—The last two segments of the 
abdomen, viz., the ninth and tenth, are much narrower than the 
rest* and are more or less retractile within the eighth. They do 
not carry dolichasters, but only very delicate, slender macro- 
trichia of reduced size. The tenth segment forms the anal 
papilla or mefor, by means of which the larva is enabled to move 
rapidly backwards, or to hold on tight when attacking its prey. 
This segment is furnished with a pair of dorso-lateral curved 
processes, probably representing the original ceroi, and a pair of 
ventral procopieo, somewhat oornute in shape, aud curving out¬ 
wards to meet the incurving tips of the dorsal processes. These 
Utter are armed with two series of closely set, short, sharp setw, 
one set directed outwards and the other inwards. I have found 
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it impossible to observe how these organs are used by the larva; 
but the result is certainly to give it a very powerful grasp upon 
anythiug that they grip, and the whole papilla appears to act as 
forcefully as a true sucker. Whether there is, besides the actual 
grasping effected by these appendages, any sucking action per¬ 
formed by the tenth segment, I cannot say. Remembering that 
the silk for the cocoon is spun from the anus, it seems possible 
that au exudation of the same nature may help in the action of 
the anal papilla as a grasping or sucking organ. 



Text -fig. 9. 

Anal papilla of larva of /V. dwjan* third instar; ventral view; 

( x 87 ). 

Habits of the Larva. 

In order to discover the larva in its natural haunts, it is 
necessary to provide oneself with a stout, wide-bladed chisel, or 
some other instrument that will act as a lever for removing* the 
bark of Myrtacoous trees. The ordinary methods of bark-collect¬ 
ing, as practised by Coleopterista, are useless in this case. All 
old trees, in which the bark is hanging in shreds or long strips, 
or is dry and attaeked by white ants, are of no use in searching 
for Ptyehopas larva. Instead, it is necessary to select healthy, 
medium-steed trees, in which the sap is running freely, and in 
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which, consequently, the hark, when torn away, is found to be 
slightly moist inside. The best trees are those in which the 
bark is thick and rough, witli many crevices, as in the case of 
the Jronbark {Eucalyptus siderophloia Benth.) and Blood wood 
( E. carymbom Brn.), Protiably the Ironbark is one of the best 
trees of all for this larva; but it is so difficult to work, on account 
of the extreme toughness of its bark, that it is best to leave it 
alone, unless one secs a piece of Ijark that can be levered oft' 
without damage to ono’s tools. Around Sydney, one of the very 
best trees is the Blood wood; but in Queensland, whore the l>ark 
of this tree is thinner and more scaly, 1 met with little success 
in exploring it. Another excellent tree is the Forest Apple 
(Angophora intermeala DC.). Trees in which the hark comes 
away in long strips of considerable thickness, such as the Tallow- 
wood {E> microcorys F.v.M.), Turpentine (Syncarpia lauri/olia 
Ten.), and Stringy-bark ( K. capitcllata Sm.), generally provide 
very good hunting also; but those with thin bark are useless. 

In searching for the larva, of which, probably, not more than 
five or six at the most would be found on any given tree, even 
if all the bark were to be stripped from it, much time and trouble 
may be saved if one watches for likely places where the larva 
may be expected to hide. Huch are, for instance, particularly 
thiolf or riohly creviced portions of bark; and, above all, the 
cracks and crannies surrounding a gum-flow. Many insects 
come at night to taste this gum; and it is to be presumed that 
the Psychoptis larva takes up his station near by, with the special 
object of attacking these insects. On One Tree Hill, Brisbane, 
I noticed a rather small Ironbark-tree, in which there was a 
good gum-flow, caused by a small cut with an axe. By levering 
up the two tough projecting ends of the bark, above and below 
this cut, I secured four larvw of P $. elegant and two of Pt. cmli- 
vagut— the best haul I ever obtained from a single tree. 

When a piece of bark is removed, the Ptychopsit larva will 
almost always be found upon the trunk of the tree, with its body 
flattened down, and quite motionless. Thus, the trunk and its 
exposed crevices should be examined first; then, if nothing is 
seen there, the piece of bark may be likewise examined, and 
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sometimes yields a larva. Very soon the larva will begin to 
move rapidly backwards, feeling all the time, with its mobile 
anal papilla, for a suitable crevice in which to hide. If once it 
succeeds in reaching owe, it will not be easy to secure it. Hence 
it should be picked up at once with the forceps, and transferred 
to a glass-tube, whose open end should be stopped up with cotton¬ 
wool. Not more than one larva must be put into one tube, 
unless each is separated from the next hy a plug of cotton wool; 
for one is sure to attack the other and suck him dry. 

The larva may be reared right through, in a single small glass- 
tube. The best food for the earlier stages is white-ants. These 
should be given alive, but with their heads crushed; otherwise 
there will be a fight between the larva and its intended victim, 
in which the tables may be turned. In the second and third 
instars, the larva of the Oodlin Moth make excellent food; but 
these also must be offered with their beads crushed, unless one 
is willing to take the risk of damage to the Ptychopsis larva from 
the strong mandibles of the Oodlin grub. Under natural con¬ 
ditions, the Ptychopais larva guards himself from attacks of this 
kind by retreating into a crevice, after be lias seized his prey. 
With bis body thus covered, and only his large jaws projecting, 
he is perfectly safe. But it is different in a glass tube, where 
the whole of the larva's soft body is exposed to attack from, the 
jaws of his writhing victim. 

The larva feed but seldom; each meal, however, is a very sub¬ 
stantial one. A larva supplied with a Oodlin grub will usually 
attack it at once, advancing cautiously with its jaws wide apart, 
until they are well placed on each side of its victim. Then, with 
a sudden viciouB snap, the jaws are driven home, and the victim 
is secured. If the victim struggles furiously, the P*ychop$i§ 
larva will frequently let go its hold, and retreat into a corner, 
with every sign of fear; nor will it be induced to attack the same 
victim a second time. Generally, however, the larva is able to 
hold on, until the loss of blood occasioned by the wound weakens 
the victim sufficiently to prevent its struggling further. Then 
the jaws are driven far in, and the play of the maxilla to and 
fro beneath the grooved mandibles allows that the larva is suck* 



kY tl. J TttLYAKD. 806 

ing vigorously at its victim. It may take some hours before the 
latter is completely emptied of its juices. By this time, the 
Psychopsu larva will have swollen out to a very great extent, 
and will frequently be quite torpid, like a snake. After such a 
meal, no food should again be offered for two or three weeks. 
Larvie that are overfed usually die from the effects of it; so that 
it is necessary to keep a strict watch on the feeding, and only to 
offer food to those that are really in need of it. 

The Coeoon. (PUU* lxxix., fig.H). 

When the larva is full-fed, it remains torpid for a considerable 
period, usually two or three weeks. It then sets about con¬ 
structing its cocoon. First of all, a nuiulier of loose and irregular 
threads are spun from the anus, making an irregular meshwork, 
the size and appearance of which depends entirely upon the place 
selected for the cocoon. Under natural conditions, the cocoon 
it spuu in a crevice of the bark, which is usually barely wide 
enough to contain it. In such a case, the preliminary meshwork 
is reduced to a minimum, and only consists of a slight scaffolding 
or anchorage for the cocoon. But, in such an artificial condition 
as in a glass-tube, the larva may expend a considerable amount 
of skill upon this meshwork, before it is satisfied that conditions 
are satisfactory for the actual building of the cocoon. 

Having selected the exact position for the cocoon, the larva 
next spins a small platform within the meshwork already men¬ 
tioned. Upon this it lies, back downwards, while it weaves 
around itself, with marvellous dexterity, the beautiful spherical 
cocoon. The outer sheath of the cocoon is mostly composed of 
fairly loose and irregular threads; as these are spun in larger 
and larger number, the spherical shape of the cocoon begins to 
take shape. Within this loose outer covering, the threads are 
spun with wonderful accuracy and closeness, so that the larva is 
finally enclosed in a dense white or cream-coloured ball of silk, 
which, when cleared of its outer and looser threads, closely re¬ 
sembles a pearl. As the spinning proceeds, the larva shrinks 
more and more in size, and becomes doubled right over upon 
itself. When the cocoon is finished, it becomes almost impossible 
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to conceive how so large a larva could have managed to encase 
itself in it. 

As regards the actual mode of spinning the* thread, the mobility 
of the anal papilla is very marvellous. Lying upon its back, the 
larva can protrude this papilla to a great distance, and spin silk 
all round itself, even behind its head and thorax, with vory little 
effort. Most of the threads, however, are spun transversely 
across the larva, beginning with a small arc at the anal end, 
then swinging out into a longer arc across the middle of the 
abdomen, and finally making shorter arcs behind the back of the 
thorax. All these transverse strands appear to lie carefully con¬ 
nected, on both sides, with the small platform already mentioned, 
which itself is made to form a part of the outermost coat of the 
cocoon. When the first complete layer of the sphere is finished, 
the larva has its head bent over so as almost to touch the tip of 
its abdomen; but the mobility of the anal papilla appears to be 
but little decreased in this position. Tn spinning the inner layers 
of the cocoon, the larva changes its position every now and 
then, so that the anal papilla may cover all parts of the sphere 
with an equally thick layer of silk. 

As found under natural conditions, the cocoon is an oblate 
spheroid, with the two poles in contact with the sides of the 
crevice in which it is placed, and the larva lying so that its 
sagittal section is in the equatorial plane of the spheroid When 
spun, however, in an open tulie, the cocoon is practically a sphere. 
It closely resembles the cocoon of a Uhrysopid, particularly that 
of the genus Nothochrym, from which it would not be, possible 
to distinguish it for certain. But, unlike most of the G v Ary#'j}rir/ce, 
Pnychop»i* does not attempt to spin any external matter into 
the outer mesh of the cocoon. Such a proceeding is, of course, 
unnecessary, considering the position in which it is placed. The 
diameter of the cocoon varies with the sise of the larva, but is 
usually about 5 rain. (Plate Ixxix., fig,6). 

The Pupa. (Piste Ixxix., fig.7; Text*tig. 10). 

As far as the external form is concerned, the true metamor¬ 
phosis is that between larva and pupa. The latter is a pupa 
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libera , closely resembling the imago in overything except its 
unexpanded wings (Plate Ixxix., fig.7). At the metamorphosis, 
the pupa experiences a great difficulty in casting off the hard 
larval head, and a number perish from inability to do so. The 
rest of the larval skin is soft, and shrivels up into a minute mass 
within the cocoon; the head may be found sometimes almost 
intact, sometimes with the mandibles and maxi I lie broken off 
from it. The splitting of the head is mid-dorsally and postcro- 
transversely, as in the other lar\ul eedysos (Text fig.3) 

The change from larva to pupa docs not take place until a 
considerable time after the spinning of the cocoon, generally 
from a fortnight to throe weeks. At first, the fresh pupa is 
almost colourless, the body having a slight greenish tinge, the 
head and wings cream-coloured. The compound eves are large, 
and soon become dark brown and functional. If the cocoon be 
opened, the pupa watches every movement with anxiety, and 
con be made to turn round and round, merely by the movement 
of a pin held at a short distance in front of the bead. 

The antennw are fairly short (Piute Ixxix., fig.7), but are com¬ 
posed of a large number of joints, there being thirty-five in the 
pupa which I dissected. Each joint is less than half as long as 
wide, except only the first three; of these, the basal joint is 
stouter than the rest. Unlike those of the imago, the antenna* 
in the pupa are devoid of hairs. 

The mouth-parts are of considerable interest (Text-fig. 10;. The 
Ubvum is distinctly bifid, and carries numerous hairs on small 
raised bases. Below the labrum, on either side, are the large 
and very strongly ehitinised mandibles. Each of these consists 
definitely of two lobes, separated by a narrow slit. The outer 
or distal lobe has a sharply pointed, tooth-like apex, and, below 
it* a more or less broad and flat cutting-area, forming a right- 
angled projection. The inner or basal lobe is rounded, and much 
less prominent. The two mandibles are not similar in shape. 
The right mandible has the smaller basal lobe, but the broader 
and flatter cutting-surface; whereas the left mandible bos the 
cutting-area narrower, and the apical tooth raised'above it on a 
high ridge. Thus, in the action of cutting opeu the cocoon, for 
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which these stron" mandibles are employed, it is evident that 
the apex of the right inaudible plays in and out of the groove 
formed between the apical ridge of the left mandible and the 



Text-tig. 10. 

Mouth-parts of pupa of /'*. t/ei/an* ((tuer.). a, Lahrtim (/(«*) and man¬ 
dibles (md), ft, Right maxilla and labium; cd oardo, ya galea, la 
laoinia, ip labial palp, ml median lobe of labium, mxp maxillary palp, 
$t stipes; ( * 48). 

rectangular shelf below it. This is also proved by the fact that 
the cutting-vdge of the distal lobe of the right mandible is very 
sharp, whereas that of the left mandible is thicker and blunter, 
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and is evidently formed more an a pad or receptacle, against 
which the right mandible can work 

The maxilla* and lahinm icsetnble those of the imago fairly 
closely, hut are broader and softer, as if the parts were all 
swathed in whitish bandages. The principal differences tire that 
the galea of the maxilla is a broad rounded lobe without a small 
distal joint, and the median lobe of the labium is simply bifid, 
inBtcad of being formed as in the imago. 

After about a week, the imaginal colours l>egin to appear upon 
the body and wings of the pupa. Before emergence, tbe whole 
beautiful pattern of tbe wing colouration becomes set forth upon 
the wings of the pupa. It was by this means that T was able to 
recognise the pupa of P». ccdivagn» % with its intensely black wings, 
in spite of the fact that it failed to complete its emergence, 
after escaping from its cocoon. 

Emergence of the Imago. (Text-fig. 11). 

The pupa emerges from the cocoon by cutting it neatly open 
with its sharp mandibles, whose scissor-like action is specially 
adapted to this purpose. About one-fourth of the circumference 
is left uncut, forming a strong hinge. The pupa pushes up the 
lid of the cocoon, and climbs out. 

On Dec, 1st, 1915, at 5.30 p.m., I noticed a pupa emerging 
from its cocoon, which was placed upon some sand in a glass-jar. 
The pupa crawled along the sand to a strip of blotting-paper, 
placed nearly vertically, near by. Up this it climbed to a height 
of about one and a half inches, and then took a firm grip of the 
blotting-paper with its claws, and remained resting for a few 
minutes. During this time, it gradually swelled up and became 
yery taut, hs shown in Text-fig.ll, a. At 5.37 p.m., it began to 
work its abdomen and wing-sheaths about; so that, in a few 
seconds, the fine pupal skin split dors&lly down the thorax, the 
abdomen became straightened out, and the imago began to 
emerge from the pupal skin. During emergence, the wings begin 
to expand at once, the insect arching them strongly outwards, as 
may be seen in Text fig.) 1, c, d. The basal portions of tbe wings 
begin to enlarge before tbe apical portions are freed from the 
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pupal wing-sheaths. Consequently, as in the case of the Stone- 
flies or Perl aria, the wings, when finally withdrawn, have the 
distal portion bent at an angle to the basal portion, as shown 
in Text-fig. 11, d. This applies more to the forewing than to the 
hind, which Itcconies freed with less difficulty. 



Text-fig. 11. 

Emergence of the imago of /’*. elegans (Gu£r.). a, Pupa just before meta¬ 
morphosis, 5.36 p.m. h y Imago emerging, 5.40 p.ni. e, Imago freed 
from pupal skin, 5 42 p.m. d, Imago expanding its wings, 5.47 p.m. 
«, The same at 5.40p. m. /, Imago resting with wings fully expanded, 
6.8 p.m. (Drawn from sketches made while watohing the actual 
emergence on Deo. 1st, 1915; d, dorsal view, the rest lateral). 

As soon as the imago was quite free, it climbed upwards 
further away from the pupal skin, the latter being left clinging 
to the blotting-paper, as shown in Text-fig. 11, c. Having taken 
up a position well above the pupal skin, the imago remained 
stationary with its wings arched strongly outwards, the forewing 
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At first completely hiding the hindwing. While the basal half 
of the forewing expanded rapidly, the distal half remained bent 
under it for some time. Meanwhile, the hind wings expanded 
rapidly, and their apical portions appeared beneath the still 
bent forewings, as seen in Text-fig.l 1, Next, the distal por¬ 
tions of the fore wings became straightened out, though at first 
they remained full of longitudinal rucks, as seen in Text-fig.l 1, 
The wings were held well away from the abdomen up to 5.49 
p.m., by which time they were about three fourths expanded. 
Then the apical rucks became rapidly smoothed out, and the 
wings were arched forwards, forming a steep roof over the body, 
so that the costal margins of the forewings come almost into 
contact with the blotting-paper (Text fig. 11,/). From the time 
of leaving the cocoon to the time that the wings were fully ex¬ 
panded, only thirty eight minutes elapsed. After resting for 
some time in the position shown in Text-fig.l 1,/, until its wings 
were sufficiently hardened, the imago spread them out in the 
broad, fiattened, roof-like manner usually adopted in this family. 

The pupal skin left behind is a flimsy, white structure. It is 
very difficult to detach from its position. But, when once this 
has been done, the slightest breath of air causes it to move 
readily, so light and delicate is its construction. The thorax 
and base of the abdomen are flattened, and wide open dorsally. 
From the prothoracic spiracles, two long threads stand up; these 
are the intima of the tracheal trunks, withdrawn through these 
spiracles when the imago emerges. The back of the head ib split 
open, and the large dark brown pupal mandibles are left gaping 
wide apart. 

The Imago. (Text-fig. 12). 

A few details about the imago which have not been published 
may suitably be given here. 

The mouth-parts are figured in Text-fig. 12. The labrnm re¬ 
sembles that of the pupa, but is not definitely bifid, there being 
only a very slight indication of the division into two distinct 
lobes. It carries numerous hairs, not set upon raised bases. 

The nw ndifye* are smaller and weaker than in the pupa, and 
show considerable modification in shape. The right mandible 
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in the imago has only a single lobe, with a leas prominent apical 
tooth and a broader catting-blade. The left mandible, on the 
other hand, is still bilobed, the basal lobe being rounded as in 
the pupa, but the distal lobe forming a single strongly projecting 



Text-fig. 12. 

Mouth-parts of imago of /**. elegant (QaAr .), 9. a, Labrura and mandibles. 
ft, Left maxilla and labium; hp hypopharynx; rest of lettering as in 
Text-fig. 10; (x 48). 

tooth, whose internal border is definitely hollowed out. Thus, 
in the imago, the cutting-edge of the right mandible works into 
the groove of the left in a very simple manner. These mandibles 
may possibly be used for feeding upon gum-exudations. In cap- 



BY R. J. T1LLYARD. 


813 


tivity, the insects feed willingly upon sugar moistened with water 
and spread upon cottun-wool, using their mandibles to chew the 
sticky crystals. 

The mnxillfr are of a very generalised type, with complete and 
separate galea and lacinia, and an elongated, five-jointed palp 
The stipes is long, the cardo very short. The lacinia arises from 
a broad oblique base, in the form of a simple elongated lobe with 
rounded apex, and carrying numerous hairs The galea is 
remarkable in being set well above the lacinia, upon a short 
transverse base formed as a definite projection from the stipes, 
and also in carrying a small but very definite distal joint. The 
basal joint is somewhat club-shaped, and carries numerous hairs 
upon its distal half. It is possible that the existence of a distal 
joint is an archaic feature, and that it may pro\e to be of import¬ 
ance in the study of the Phylogeny of the Holonietnhola. 

The maxillary palp is carried, in the position of rest, with its 
distal joint turned inwards almost at right angles to the other 
four, as shown in Text-fig. 12, h. The first and second joints are 
short, the third twice as long as the second, the fourth shorter 
than the third, &nd the distal joint longer than any, with a 
somewhat pointed tip. 

The labium is in the form of a broadly rounded median lobe, 
on each side of which there is a narrower Jol>e, also rounded, hut 
folded over above the median lobe, between it and the hypo- 
pharynx. The median lobe carries hairs on either side, distally; 
the two lateral lobes carry numerous hairs upon their upper 
surfaces. The palps, which arise low down towards the base of 
the median lobe, are three-jointed, the basal joint being the 
shortest, and the distal the longest; each joint carries a few hairs. 

In the natural position, if the mouth be opened, there will be 
seen abroad sub-triangular lobe projecting outwards and slightly 
upwards above the labium. This is the hypopharynx (Text-fig. 
12, hp) t Its distal border is well rounded, rather strongly 
ohitinised, and curved over; it carries no hairs. 

Bearing in mind the fact that the Psychoptidm are the most 
ancient of existing Planipennio, as far as the Falieontologica) 
record of this Order is known, it would seem that much valuable 
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evidence should be obtainable when a careful comparison can be 
made between the mouth-parts here described and those found 
in other families of the Order. This research, I hope to carry 
out later on. 

Habits of the Imago. 

During the day time, the imagines rest concealed and motion¬ 
less, either upon the underside of a leaf, or hidden away in dJbri* 
of dead leaves and sticks. Hence they are seldom raptured, 
though occasionally one may lie taken by beating. 

At night time, they become comparatively lively. I J a. eleyans, 
kept in a large glass-jar, was watched by me for several nights 
from 8 to 10 p.in. During this time, it fluttered about the jar, 
visited the moist sugar supplied as food for it, and fed upon it 
for periods up to half-an-hour in duration. The third night, 
after all the insects had fed, I was fortunate enough to see the 
process of pairing. The female took up a position upon a strip 
of bark, resting with her wings in the usual position, but con¬ 
tinually vibrating them. A male, after several short flights, 
at last alighted upon the same piece of bark, lower down, and 
began to climb up towards the female, also vibrating his wings. 
At last he arrived alongside her, on her right side. The female 
then raised her right pair of wings, and the male moved in 
towards her from the side, so that the abdomens of the two 
insects were almost parallel, and the right pair of wings of the 
female covered the left side of the male. In this position they 
remained for pairing, occasionally vibrating their wings. It 
was not easy to make out exactly how copulation was effected; 
but it appearod that the male bent the tip of his abdomen round 
towards the female, and seized her with his anal appendages, at 
the same time pulling the tip of her abdomen partly round 
towards him. Thus they remained for some twenty minutes, 
until a second male came and alighted close to them, and began 
to flutter around and over them. 

The female apparently did not lay any eggs until some time 
after pairing, as I searched the jar the following morning and 
found none. However, during the next few days, she deposited 
eggs singly, and at long intervals of time apart, in the cotton* 
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wool which I had supplied for that purpose. She also explored 
the hark, but found it for the most part unsuitable, laying only 
one egg there, as against eleven laid on the cotton-wool. The 
two eggs shown in Toxt-fig.l were laid close together as drawn, 
but all the rest were quite separate. This female inay, of course, 
have laid other eggs which I failed to find. T should say that a 
single female must contain at least fifty eggs;* but it is possible 
that they would not usually all be laid after a single (miring. 

The males were kept alive for periods varying from ten days 
to three weeks. The females live longer, and one was kept alive 
for over a month, by which time her wings were considerably 
torn. The only nourishment given, during all this time, was 
sugar and water, which 1 find sufficient for must Planipennia 
and Mecoptera. A very slight degree of moisture is required in 
the jar. Either excess of moisture, or exposure to a hot drying 
wind, is equally injurious to these insects The same may be 
said of all Planipennia, although the Myrmehontidte and Atcala- 
phidat can stand greater heat and desiccation than any of the 
others. 

The Economic Value of the Psyehopsldn. 

There is no Order of Insects, with the exception of the 
Hymenoptera, whose members are so generally beneficial to man¬ 
kind as the Planipennia. It seems, therefore, of considerable 
importance that we should now attempt to estimate the value of 
the Paycfwpeidce in this respect. 

From the account of the life-history here given, it will be seen 
at once that these insects are entirely beneficial to man through¬ 
out their whole life. The preference shown by the larva for 
feeding upon such obnoxious insects as the larvie of Codlin 
Moth, and other of the smaller Lepidoptera, at once establishes 
it as potentially a very useful factor in the checking of insect- 
pests. Hence, if colonies of Pnychopai* could be established in 
our apple-, pear-, and quince-orchards, there is no doubt that 
they would help very materially in checking the Codlin Moth 
and other Lepidopteroup pests that still do so much damage 
therein. 

* Mr. Gallard’s original female laid over fifty eggs. See p.7&7< 
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In attempting to estimate the practicability of such a sugges¬ 
tion, we have to bear in mind certain factors that must, at the 
best, very much limit the efficacy of the Paychopaidm : — 

(1) Although a single larva of Pa. elega ms, during its life, 
would most certainly consume a considerable number of Codlin 
Moth larvsn, yet the value of this is much discounted by the 
long life of the larva, which takes up the best part of two years. 
The economic value of this insect would be many times enhanced 
if it were able to pass through all three larval stages in a few 
weeks, as is the case with the Chryaopidft and llemerobiidrr . 

(2) The larva requires rough-liarked trees to live in. Thus it 
would seem that it could only )>e successfully introduced into 
orchards in which the trees were of considerable age. Such trees 
would probably afford the requisite amount of shelter to the 
larva, which would certainly take heavy toll of any other insects 
that attempted to hide away in the crannies and crevices of the 
bark. 

(3) As an archaic survival of a very old stock, the Psychopsidai 
could scarcely be expected to show that readiness to adapt them¬ 
selves to uew conditions, that is to he found, for instance, in the 
more specialised Chryaopidtv and Uemerobiidcc. Many of our 
Australian species of these two families have readily established 
themselves in our orchards and gardens, without any attempt on 
the part of entomologists to place them there; and are already 
acting very effectively as checks upon Aphidas and Scale Insects. 
So far, no similar tendency has lieen noted in the Paychapaida; 
unless, indeed, the apparent increase in the numbers of Pa. 
insolent in such districts as Killarney and Mount Tambourine, 
in South Queensland, where orchards are rapidly replacing the 
original bush, is an indication that this species is beginning to 
accommodate itself to new conditions. It would be natural to 
suppose that insects which, in a state of nature, are so rare as 
the P*yehopaid<B t would not take kindly to a change of environ¬ 
ment which man might attempt to force upon them. Thus, if a 
selected orchard of old trees were to be well stocked with Pay- 
cftopris-larvie, one would anticipate that the resulting imagines, 
after pairing, would return to the nearest piece of untouched 
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bush, And lay their eggs, as usual, on the bark of Myrtaceous 
trees. 

(4) The apparent association of the Paychopgidat with trees 
belonging to the Natural Order Myrtaeeie must be considered as 
a disadvantage, if it is actually a fact. Hut, so far, we do not 
know the life-histories of most of fhe Paychopsidet; and it may 
well lie that this supposed limitation does not hold for most of 
the species. Moreover, it is noteworthy that, although Pa. 
insolent is our commonest species, no larva of this insect has yet 
l>cen found under Eucalyptus-bark. If the life history of this 
species can be worked out, it seems probable that it might prove 
to be of considerable value as a beneficial insect in checking 
orchard-pests.* 

(5) The small number of eggs laid by the females is a distinct 
disadvantage economically. Against this, however, we may 
place the fact that the females live a long time, and deposit their 
eggs singly in many different places, instead of all in a lump. 
Thus the maximum effect is produced for the small number of 
larvn hatched, and the danger of a quick reduction through 
cannibalism is eliminated. 

Taking all these factors into consideration, I have come to 
the conclusion that, although the Paychopitloi do not offer us the 
promise of such immediately beneficial results as could be ob¬ 
tained by a scientific breeding and distribution of Chrysopido* 
or Jlemerobndm , yet they are a group that most certainly ought 
not to be neglected by economic entomologists. A few carefully 
devised experiments upon old and lwdly infected orchards, either 
with the larvse of Pa. elegaua, or with those of Pa. insolent, if 
they can be obtained by pairing the imagines, should be well 
worth carrying out, and might conceivably yield results much 
superior to the expectations that I have here indicated. There 
is also the possibility that these insects, like so many other Aus¬ 
tralian animals, would do exceptionally well in some new region, 

* PaychopmdtH ooour also in Africa and Asia, but nothing is known of 
their life-histories in those regions. Large, rough-barked Myrtaceous 
trees, like the KuoalypU, being absent from these regions, it is evident 
that they must be associated with trees of other Orders. 
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such as California or South Africa As they are entirely bene¬ 
ficial, I would call the attention of entomologists to their possible 
value in this respect; particularly as there would not be the 
slightest difficulty in sending the Jar vie to any part of the world, 
since they are very hardy, and will go without food for several 
weeks at a time. 

EXPLANATION OF PLATE LXXIX. 

/ % *yt'h o/wm thffnns (( in 4r.). 

Fig.l. —Two egg**; (>'7). 

Fig.2.— Newly hatched larva; ( x 7). 

Fig. 3. —The name larva at end of first lnstar; (x 7). 

Fig.4.—The Name lai va, at eml of second insUr; ( x 7). 

Fig,.). —The Name larva, at end of third instor; full-fed; (x 7). 

Fig.6. —Cocoon; ( x 4). 

Fig.7.—Pupa, ten day* old, extracted from coooon; ( x 7). 
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AUSTRALIAN ME<5ALOPTEUA OR ALDER-FLIES, 
With Descriptions of new Genera and Species. 

By R. J. Tillyard, M.A., D.Se., F.L.S., F.E.S., Linnean 
Macleay Fellow of the Society in Zoology 

(With throe Text-figures.) 

The Megaloptera are an archaic Order of Holomel&bolous 
Insects, which contains, at the present day, only about one 
hundred known species, all of them of large or moderate size. 
The Order is divisible into two very distinct Sub orders, viz, 
the Sialoidea, or true Alder-flies, and the Raphidioidea, or Snake- 
flies. Of these, the aquatic Sialoidea are clearly the more archaic, 
the terrestrial Raphidioidea being a highly specialised offshoot 
from them. 

The Raphidioidea are not represented in Australia, their place 
in the economy of Nature being already occupied by the older 
Psyckopaidft of the Order Planiponnia, whoso larvae, though 
differing in the nature of their mouth-parts, live, like those of 
the Snake-flies, in croviccs of the bark of trees, and prey upon 
the insects frequenting them 

The Sialoidea, or true Alder-flies, are represented by some 
sixty species throughout the world. They may conveniently be 
divided into two very distinct families, according to the follow¬ 
ing key: — 

'Largo insecU (expanse 45 to lOOtnni.l, with three ocelli present; 
fourth joint of tarsus not bdobed; venation regular, with 
cross-veins weakly former], Larva? with eight pairs of lateral 
gills and a pair of hooked anal prolegs, hut without any ter¬ 
minal filament ... COBYDALIDJC. 

Much smaller insects (expanse 120 to 40mm.), without ocelli; 
fourth joint of tarsus strongly bilobed; venation less regular, 
with strongly developed cross-veins. Larvro with only seven 
pairs of lateral gills and a terminal filament, but without 
any anal prolegs . Sialioa. 
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Of these two families, the Corydalidt* % containing the great 
majority of the genera and species of the Sub-order, may be 
again divided into two subfamilies, as follows:— 

'Mure than three cross-vein** between K and Rh; head quad¬ 
rangular. . CoRYDAUNA. 

Only three news-veins l>ctweeii K and Rh; head tunngular . ... 

.Ckaumodin 

V 

Up to the present, only one species of Alder-Hy has been re¬ 
corded from Australia, viz., Archichauliodes gv4(\ferus (Walker). 
It is a largo, dull coloured insect, recorded occasionally from 
many localities in Eastern Australia, but nowhere very common. 
Both in size and markings, it is very variable, some individuals 
having large black spots on the wings (especially on the hind- 
wings) and others having none at all. The larva is a familiar 
object to naturalists ill the Sydney district, being found under 
rocks and Htoncs in small rocky creeks. In New Zealand, the 
allied species A dubiiatm (Walker), is very abundant, and its 
larva is much esteemed as bait for trout, being known as the 
“ Black Creeper,” a name that would suit the larva of the Aus¬ 
tralian species equally well 

Turning now to the smaller family Sialida , of which no repre. 
sontatives have hitherto been found in Australia or New Zealuud, 
we find that, of the two known genera, Sialia is Holarctic, reach¬ 
ing from Canada through Europe and Siberia to Japan, and 
down into Asia Minor; while ProUmalu is confined to the New 
World, one species being found as far south us Chili. 

It would thus appear that, as the Sialidm do not occur in the 
Oriental region, there is no possibility of their ever having 
reached Australia from the North. But, in so far as they are 
admittedly archaic forms, and one specios is recorded from Chili, 
it has to bo admitted that there is a bare possibility of their 
having been able to reach Australia from the South, provided 
that we admit the truth of the Antarctic Theory so ably cham¬ 
pioned by Mr. Hedley. 

That being so, I have always kept in mind the possibility of 
a true Sialid being discovered in Tasmania, or on some isolated 
mountain-top in Eastern Australia. I now have the pleasure of 
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recording the discovery of two very distinct new species of this 
family, each of which will form the typo of a new genus. The 
first of these was taken by Mr. G. H. Hardy, late of the Tas¬ 
manian Museum, llohart, during a visit to Maria Island in 
December, 1915. Only a single specimen was taken; but i£ is 
ill good condition, except for the loss of the an ten me. The 
second is a remarkable slender form, taken at light in December, 
1916, on Mount Tambourine, South Queensland (elevation 1900 
feet) by Mr. W. H Davidson. Not realising what a prize lie 
had got, Mr. Davidsou unfortunately enclosed this specimen in 
an envelope with a letter to me; with the result that, when I 
received it, the insect was completely flattened out, and other¬ 
wise damaged. However, T managed to relax and set it, though 
the pin had to be inserted through the thorax from side to side, 
the wings being extended at right angles to the flattened thorax. 

I have delayed publishing these fine discoveries, in the hope 
that further material might lie obtained m better condition. 
Mr. Hardy again visited Maria T&laud last year, but lie failed to 
find any further specimens of the new Sialid, likewise Mr. 
Davidson, who has kept a sharp look-out for his new species, has 
met with no further success. As the new insects arc of great 
scientific interest, further delay is no longer justified. 

The following key will enable the two new genera to be dis 
tiuguished from each other and from the two genera already 
described, at a glance : - 

/'Wing* about one-third as brand oh long, the costal livid ul the 


J forewing noticeably broadened . 2. 

* | Wings much narrower, the costal field of the fuiewing not 
[ noticeably broadened. 3. 

(Hindwing with Mj +2 and Mat -4 both simple veins. Sia/in Lair. 

Hindwing with forked, Mat 4 simple.IfM/roWia, n.g. 

Both wings with Rg+s and R*+a both forked . StenoBtah^ n.g. 

^ Both wings with R 2+1 simple, and R*t j* forked ... ProtovUtha Weele. 


Austrobialis, n.g. (Text figs. 1-2). 

Closely related to <$udi« Latr. General colouration black, 
with orange-red prothorax and smoky wings. Forewing with 








822 


AUSTRALIAN MKMALOPTKRA OK ALDER-FLIES, 


about ton veinlets in costal space, hind wing with about Bix. In 
forewing, Cu, unites with M for a space, the short basal free 
portion of Cu, resembling an oblique cross-vein. The fused por¬ 
tion, M + Cu lf is continued by Cu, itself as a stout vein in line 
with it, whereas M departs from it anteriorly at a sharp angle. 
In hind wing, Cu remains quite distinct from M, In fore wing, 
the full complement of branches is present for l>oth Ks and M; 
in hindwing, there is one less for M, M 3 ,4 remaining unbranched. 
Neither Il 3 nor Jl 9 is secondarily forked, as is the ease with one 
or both in tiiahtt. 

Genotype, Austrosialis Hjnicolh *, 11 sp. 

Hah. —Tasmania. 



Test-tig, I. 

Wings of AnatroniaHs iynicotfitt, 11 .g. et sp, In furewing, M + Cu, is the 
fused portion of M and Cu,. Best of notation as usual in the 
Comstouk-Needhain system. The small forking d is tally on K« does 
not occur on the left forewing. (Hindwing Pimm. long). 

The black and orange colouration is also that of Prolo»ialis t 
to which the Chilian species belongs. It is also interesting to 
note that, in the number of its branches to Rs and M, the new 
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genu8 offers an exact parallel to the oldest Trichoptera, in which 
Ms + 4 is always a simple vein in the hiudwing. 

Amstrosialib ignicolmb, n sp. (Text-figs. 1-2). 

Total lengthy 8 min.; abdomen , 4 mm.; for owing ^ 14 mm,; hind¬ 
wing t 12 mm.; expanse t 28*5 mm. 

Head shining black, smooth anteriorly, with a shallow mid- 
dorsal depression; the large occipital 
region curiously sculptured, with raised 
longitudinal and circular areas, ar¬ 
ranged as shown in Text-fig.2. An¬ 
tennas with large, stout basal joint, 
black , the rest missing. Mandibles 
black, tipped with orange-red 

Thorax: prothor&x bright orange- 
red, flattened cylindrical in shape, with 
slightly indicated mid-dorsal groove; 
less than half as long as wide, the 
width being slightly less than that of 
the occiput. Pterothorcur jet black. 

Lege black, of medium length and slenderness. 

Abdomen [shrivelled | dull blackish. 

Type, in Coll Tillyard, 

Hob ,—Maria Island, East Coast of Tasmania. A unique 
specimen, probably a female, taken on Dec. 29th, 1915, by Mr. 
G. H. Hardy. 

Stbnosialis, n.g. (Text-fig.3). 

Closely related to Protoeialis Weele. General colouration 
brown, with pale smoky-brown wings, Forewing with narrow 
costal space containing only four veinlets, the hindwing with 
only two. The arrangement of the veins M and Cu is the same 
as described for Auetrcsialie above, and the number of branches 
for the veins Rs and M is the same as in that genus. Thecross- 

* Head and pro thorax of Avstroriali* ignicoUitt, n.g. et sp., to show 
sculpture of the occiput; the light arranged so as to fall nearly horizon¬ 
tally; (x 15). 
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vein iietween K* (3 and Il 4 i 5 is exceptionally oblique in direction. 

Genotype, Steuosialia anatraliensxs, n.sp. 

I/nb South Queensland. 

As with Austrosialis, so with this genus; the arrangement of 
the branches of lis and M corresponds exactly with that of the 
oldest Trichoptera, being branched in the forewing, but 

simple in the hind. One is tempted to ask, is this merely the 
result of a chance convergence, or does it indicate a closer rela¬ 
tionship between the two Orders Megaioptera and Trichoptera 
than has hitherto been suspected 1 



Text-tig.!}. 

Wings of SttnotiuxJia n.g. et up. Notation as in Text-fig. 1. 

(The wings of the type-specimen being considerably tom, the figure 
was completed by combining portions of both right and left pairs of 
wings). (Hindwing 10mm. long). 

Stknosialis aubtra iiiBNSis, n.sp. (Text-fig.3). 

Total lenyth, & in no.; abdomen, 4 mm.; foreuriny t 11 *5 mm. 
hindwiny, 10 mm.; expanse, 25 mm. 

Head brownish, a darker area posteriorly on occiput, isolat¬ 
ing several paler raised circular areas placed close together on 
either side of the mid-dorsal depression. Eyes dark brown. 
Antennw dark brown, the basal joint large and stout, the second 
joint small; the rest missing. 
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Thorax dark brown. Prothorax apparently slightly wider 
than occiput. Legs brown. [Too crushed for accurate descrip¬ 
tion]. 

Abdomen [shrivelled] blackish basally, shading to brown 

anally. 

Type, in Coll. Tillyard. 

Hob .—Mount Tambourine, South Queensland (1900 feet). A 
unique specimen, probably a female, taken on Dec. 17th, at 
light, by Mr. W. H. Davidson. 

In concluding this paper, I desire to record my grateful 
thanks to Mr. Hardy and Mr Davidson for those two fine 
species, and to congratulate them on their discoveries. The 
knowledge that, in this Order, archaic forms of great scientific 
value are still to be found in isolated places in Australia, should 
stir up other entomologists to look out for these insects, which 
are easily caught and recognised. 
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CONTRIBUTIONS TO A KNOWLEDGE OF AUSTRA¬ 
LIAN ( WLIVID.h\ Nai\.* 

By Frank 11. Taylor, F.E.S. 

(From the Aunt rail an Institute of TropicaI Medicine, Townsville) 
(Plates Ixxx.-lxxxiii.) 

This paper may be divided into two parts, synonyinioal and 
descriptive, with notes on previously described species. 

Two species described by me from the Northern Territory 
belong to species recorded from extra-Australian localities; 
their distribution is noted in the text. The Australian Anopheles 
are also tabulated. It will lie seen that very few of the Ano- 
pheline genera are recognised, and those only as subgenera, 
except in the case of Bironel/a. 

The new species are distributed in the following genera: — 
Pseudosknsea (one), Mimeteomyia (two), Cuficadu (one), Lopho • 
ceratomyia (one), Uranotmiia (four), and IJodgesia (one). 

The type-specimens are contained in the Institute Collection. 

The following tabulation of the Australian Anopheles is given 
in the hope that it may prove useful in the determination of the 
species in question. 

Anopheles corethroides % A . stigmalicns, and B . gracilis have 
been tabulated from descriptions only, as the Institute does not 
possess specimens of them. A . punctulalus Donitz, is omitted 
from the Table, as it is unknown to me either from specimens or 
description. 

It will be seen that all the species, except B . gracilis , are 
placed in the genus Anopheles . This is best explained by re¬ 
ferring the reader to a paper by A. Alcock,t which deals with 
the “Classification of the Culicidce,” and with which the writer 


Continued from these Proceedings, 1010, p.ft74. 
t Ann. Mag. Nat. Hist., (8), viii., p.240 (1011). 
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entirely Agrees, as the genera cannot, in some cases, lie regarded 
even as subgenera; while, in others, they form convenient sub* 
generic or group-names. 

Alcock* retains the following as subgenera: Anophibs (s.r.), 
Myzorhynchus , Myzomyia y and Nysnorhyitchns. I would add to 
these the genus IUroneUn , as \alid on \enatioiml characters—if 
it really be an Anopheline. Theobald, himself, throws doubt on 
its systematic position. 

AnoI’HKLKM. 

A. Wings spotted, 
i. Legs unhanded. 

a. Wings with the third, fmuth, fifth, and sixth long veins 

hroun and white-scales! No costal spots . nlrattpex Skuse. 
b. Wings with one fringe-spot .. haHnnwfrbV d Wulp. 

Wi. Wings with seveial ft ingH-spots hmhtnmft t* \ai. /niiifi o/tt (1 lies, 
it. Legs handed. 

«. Wings with numerous light and daik spots 
Costa with six spots. 

Femora and tihi.e with imtneioiis pule hands, tarsaN 1-1 

with apical and banal handing. ttuinthjMM Walker. 

B. Wings unspotted, 
i. Legs unliatided. 

a. Thorax with long, curved, hair-like scales coMkroub* Theobald. 
an. Thorax with three tows of golden-yellow, nariow-eui ved 

scales. . ... *tiy marietta Skuse. 

Bikonrixa. 

A. Wings unspotted, third long vein, stem of second fork-ceil, 
and fifth long vein curved, 
l. Legs unhanded. 

«. First fork-eell very small . ynu'ilia Theoliald. 

Anophklbs (Myzokhynchur) barbirosthih Van d. Wulp, 
var. Bancroft! (Giles). 

(Plate lxxx., fig.l). 

Theobald, Mon. Gulicid., v., p.50 (1910;; Taylor, Proc. Linn. 
Soc. N. S. Wales, 1916, xl„ p.176. 

This is a common and widely distributed species, extending 
from Darwin, N. Territory, to Eidsvold, S. Queensland. 

The male is evidently very retiring, as the only known speci¬ 
mens have been bred from larvo. 


Jouru. Lond. Soh. Trop. Med., ii., p.153 (1913). 
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Anophkles (NrsflORHYNcnuB) annuli pis Walker. 

Ins. Saund., p.433 (1850); Theobald, Mon. Culicid., v., p.57 
(1910); Taylor, Proc. Linn. Hoc. N.S. Wales, 1914, xxxix., p.484; 
Quarantine Service Publication, Melbourne, No.12, 1917. 

Hab. —N.S.W.: Hay (W. W. Froggatt). —Victoria: Melbourne 
(Dr. J. H. L. Cumpston); Kyabram, Bamawni, Echuca, Swan 
Hill, Mildura, Cohuna, Lake Tioga (F. H. Taylor).—H Australia: 
Ren mark, Cobdogla, Pom poo t a (F. H. Taylor).— W. A.: Perth, 
Kulgoorhe (Dr. Atkinson). 

This mosquito is probably the most widely distributed species 
in Australasia, as it extends from Darwin, in the North, across 
to Papua, throughout the mainland, and southward to Tasmania. 
It is not improbable that this species will he found in the Pacific 
Islands. 

Toxokuynchitrb inornatus (Walker). 

Proc Linn. Hoc Loud, viii., p.102 (1866); Theobald, Mon. 
Culicid., i., p.223 (1901); op. cit ., v., p.110 (1910). 

Two male specimens, one of which is quite typical; the other has 
the mid cross vein confiuent with the posterior cross*vein instead 
of not meeting it, and also has the second tarsals of the hindlegs 
with a broad, white, almost basal band, which occupies more 
than half the joint. It agrees in all other points with Theobald’s 
description of this species. 

Hab. —Papua: Itikinumu Plantation (F. P. Dodd). 

Toxokiiyncritks sprciosus (Skuse). (Plate lxxx., fig.2). 

Proc. Linn. Soc. N. S. Wales, 1888, xiii,, p.1722 (1889); Theo. 
bald, Mon. Culicid., v., p,108 (1910). 

Hab.— Q.: Townsville (Dr. A Breinl). 

blVClUVB ALTKKNANS (Westwood). 

Ann. Soc. Ent. Fr., iv. f p.681; Taylor, Proc. Linn. Soc. N. S. 
Wales, 1914, xxxix., p.466; op . cit., 1915, xl,, p.176. 

Hab. —Victoria: Kyabram (F. H. Taylor). 

This species is known to range from Darwin to Victoria. 

Armiqbrks BKRiNLt Taylor; Neaquamomyia brcinli Taylor. 

(Plate lxxx., fig.3). 

Trans. Ent. Soc., London, 1914, Pt. i., p.186. 
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The genus Neo&quamomyia wan founded partly on the male 
genitalia, the other characters agreeing with Armigert*. 

When proposing the genus, J was unaware that similar char- 
actera were to be found in species of the genus Armiyerctt, notably 
A . malayi Leicester. 

Edwards* notes the similarity of A, malayi Leic., and N. 
breinli Taylor, and suggests that the correct position for the 
latter species is in Armiyeret , a decision with which T quite agree. 
The two species are distinct, but certainly closely related. 

PSBUDOSKUSBA CA1KNHKN8TS, Sp.n. 

9 Head clothed with black, fiat, and upright-forked scales; 
palpi dusky; antennee dark brown; proboscis black. 

Thorax dark reddish-brown with brown scales, scutellum 
similar; pleura? brown, with white, Hat scales. 

Abdomen black'Sealed, unbanded, segments three to the apex 
with l*asal, lateral, white patches; venter pale-scaled. 

Legs black, unhanded; ungues equal and simple. 

Wings brown-scaled; first forked! longer and narrower than 
the second, its base nearer the base of the wing; stem of first 
fork-cell one-third the length of its cell, stem of second fork-cell 
slightly more than half the length of its cell; anterior bti&al cross¬ 
vein longer than, and twice its own length distant from, the 
anterior cross-vein. Length, ? 

Hab. — Queensland : Cairns (P. H. Taylor) 

Described from a single specimen bred from a mixed lot of 
larvae. It is readily distinguished from P. multiplex Theobald, 
on venational characters, ungues, and the abdominal spots. It 
differs from P , bandit Taylor, in not having a banded abdomen. 

Mimbtbomyia atkipbs (Skuse). 

Stegomyia punctclatei ali* Theobald. 

Proc. Linn. Soc. N. 8. Wales, 1888, xiii., p.1750 (1889); Theo¬ 
bald, Mon. Culicid, iv., p.190 (1907); Taylor, Proc. Linn. Soc. 
N. 8. Wales, 1914, xxxviii., p.760 (1915) {Scutomyia); op. eit ., 
1916, x)., p.l 77 (Stegomyia). 

It is quite evident, from specimens recently collected by myself, 
~ * Bull. Knt. Res., vii., p.207 (1917). 

64 
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that Skuse’s species has the apical lateral spots on all the 
abdominal segments,, and not only on the sixth to eighth seg¬ 
ments, as stated in my paper (1914). The Ingleburn specimens 
show that the spots vary somewhat in size on the basal segments, 
so that they were either overlooked in the type, or the abdomen 
was partially abraded. 

There is also no doubt at all that Stegomyia punclolateralia 
Theobald, is the same as J/. atripea (8kuse). S. punctvlaterolis 
Theob., was unknown to me, except from description, when I 
stated (1914) that the two were different species; but, since then, 
Dr. Bancroft has presented a series of both sexes to the Institute, 
which clearly show they are the same as Skuse’s species. 

Theobald states that the mid-ungues of the male are unequal 
and simple; this is an error, as the larger is uniserrate. 

Neveu-Lem&irc* places M. atripea in Theobaldia , and records 
it from Uuyane. He states that the fore- and mid ungues of the 
female are uniserrate; and he gives a figure of the wing-scales of 
his specimens, which proves conclusively that he was not dealing 
with Skuse’s species. He also states that the palpi are four- 
jointed. 

There is no doubt that it belongs to the genus Mimeteomyia , 
as, inter alia, the apex of tho abdomen is very bristly. 

Hob.— Q.: Eidsvold (Dr. Bancroft), Burketown, Townsville 
(F. H. Taylor). -N.S.W.: Milson Island (Dr Ferguson), Black- 
heath (W. A. Thompson), Ingleburn (F. H. Taylor). —Vic.: 
Mildura (F. H. Taylor). 

Mimeteomyia atra (Taylor). 

Stegomyia atra Taylor, Trans. But. Soc. London, 1914, p. 100. 

A re-examination of the type of this species reveals the fact 
that it Ehould, more correctly, be placed in the genus Mimeteo- 
myta, on account of its bristly and truncated apex of the abdo¬ 
men, among other points of agreement with the genus. 

Mimeteomyia fulcherrina, sp.n. 

<J. Head covered with brown, flat scales, with a median row 
of white ones, and white ones laterally; antennas pale, nodes and 


# Arch. Parasitologic, vi., p.615 (1915). 
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plumes brown, basal lobes with white, flat scales; eyes wine-red; 
palpi brown-scaled, first segment with two prominent white 
bands, penultimate and apical segments with white, basal bands. 

Thorax with dark brown scales, and ornamented with a lyre¬ 
shaped pattern of small, white, flat scales; prothoracic lobes with 
white scales and black bristles; scutellum with white, flat scales; 
pleura brown, with patches of white, flat scales. 

Abdomen brown-scaled, expanded apically, segments one to 
six with small, median, white, basal patches; all segments, except 
the first, with white, lateral, basal patches, prominent in the last 
three segments; genitalia with numerous black bristles; venter 
brown-scaled, with median, white, basal patches on tho first 
seven segments. 

Legs brown, knees white, first and second fore- and mid-tarsals 
with basal, white banding, posterior tarsi one to three with 
broad, white, basal bands, fourth white, with a narrow, brown, 
apioal band, fifth white; ungues of fore- and mid-legs unequal, 
the larger with a distinct notch, hind equal and simple. 

Wings : bases of fork-cells equal, first longer and narrower 
than second, stem of first fork-cell not quite half the length of 
its cell, stem of second slightly more than half the length of its 
oell, anterior basal cross-vein longer than, and twice its own 
length from, the anterior cross-vein; vein-scales brown. 

Length, 3 mm. 

ifai.—Q.: Cairns (F. H. Taylor). 

Described from a single specimen, bred from a collection of 
larra. It is abundantly distinct from all other Australian 
species of Mifaeteomyia. 

Mimktkomyia doddi, sp.n. 

<$. Head covered with black scales, a median row of white, flat 
ones, and white, flat ones laterally; antenna: brown, plumes brown, 
internodes pale; palpi brown, penultimate segment basally banded 
whiter apical segment white-scaled; eyes silvery. 

Thorax covered with dusky-brown scales; scutellum with brown 
scales; pleura brown, with patches of white, flat scales. 

Abdomen covered with coppery-brown scales, first segment 
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brown-scaled, second with a median, basal, white-scaled spot, 
third to fifth and apical segments with white, basal banding, all 
segments with white, lateral, basal spots; venter brown, with 
white basal handing and numerous pale hairs. 

Legs dusky-brown, first tarsals of forelegs basally banded 
white, the rest unhanded, first tarsals of mid-legs basal ly banded 
white [the rest broken off], posterior tarsi one to three basally 
banded white, fourth unbanded, fifth white; ungues of forelegs 
unequal, the larger with a tooth, hind equal and simple, 

Wings: first fork-cel) longer and narrower than the second, 
its base nearer to the base of the wing; stem of first fork-cell 
one-third the length of its cell, stem of second slightly more 
than half the length of its cell, anterior basal cross-vein longer 
and twice its own length from the anterior cross-vein. 

$>. Similar to £ An ten me brown, basal half of first joint 
yellow; apical third of palpi white. Abdomen : fourth and fifth 
segments with basal, white banding, apex of abdomen white- 
scaled, and with numerous pule bristles, all the segments, except 
the first, with lateral, white, basal spots; second segment with a 
white, median, basal spot; venter pale-scaled, apical segments 
block-scaled. 

Legs similar to those of <£, second tarsals of mid-legs with white 
basal bandiug; ungues equal and simple. Wings as in 

Length : 2*5; $, 3*5 mm. 

Hah.— Papua : Itikinuinu Plantation (F. P. Dodd). 

A very distinct species, readily distinguished from M. pul- 
cAemma rnihi, by its palpi, thoracic and abdominal markings. 
There is little doubt that the female belongs to the same species. 

It affords me much pleasure to name it in honour of its 
discoverer. 

Orabhamia theobaldi Taylor. (Plate lxxxi., fig.4). 

Theobald, Mon. Oulicid., iv., p.304 (1907). C flavtfron* 
Theob., nee Skuse, Proc. Linn. Hoc. N. S. Wales, 1913, xxxviii,, 
p. 751 (1914). 

Were it not for intergrading forms, it would be possible to 
make two distinct “species” out of the series of specimens before 
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me, on abdominal markings alone, as, in some specimens, the 
abdomen is quite typical, whilst, in others, it varies from speci¬ 
mens with distinct basal banding on the first two segments of 
the abdomen, and the remainder with mote or less indefinitely 
banded and mottled, to those with indefinite basal handing and 
dense mottling of creamy scales on all the abdominal segments. 

The haso of the second fork-coil is slightly nearer the base of 
the wing than that of the first, while they are nearly level in 
the type. 

Specimens from Eidsvold, Queensland, show similar inter- 
gradient forms to the above Victorian specimens. 

tfa&. — Vic.: Bamawin, Kyubram, Mildura, and Echuca (F. H. 
Taylor). 

Culicaoa wilson i, n.sp. (Plate Ixxxi., figs.5, 6, 7). 

Head black, covered with yellowish, narrow-curvet! and 
upright-forked scales, with a few yellowish hairs projecting over 
the eyes, sides of head with flat ones; palpi longer than proboscis, 
black, first joint pale-scaled, except the apical fourth, pubescence 
black on the apical segment, and apex of first, yellowish-brown 
on the penultimate segment; antenna? pale, nodes dark, plumes 
brownish-black, dense. 

Thorax black, covered with yellowish, narrow-curved scales; 
prothoracic lobes with flat ones; scutellum similar; pleurie black, 
with flat soales. 

Abdomen block, first segment pale-scaled, second to seventh 
with broad, yellowish, basal banding; sixth, seventh, and eighth 
mottled; some specimens show median palc-scalcd bands on most 
of the segments; genitalia with some long, black hairs, lateral 
pubescence dense, yellowish; venter pale. 

Legs black, femora pale beneath; femora, tibiae, and tarsi 
mottled; fore-ungues unequal, uniserrate, mid unequal, the larger 
deeply notched, the smaller uniserrate, hind equal and simple* 
Wings with brown scales; first fork-cell longer and narrower 
than the second, base of latter nearer the base of the wing, stem 
df the drat almost as long as its cell, stem of second as long as 
the cell; anterior basal cross-vein about as long as, and nearly 
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its length from, the anterior cross-vein; second incrassation well 
marked. 

9. Similar to £ ; an ten mu black, basal lobes black, with 
creamy-yellow scales, basal half of second joint pale, vertioillate 
hairs black, pubescence pale; palpi four-jointed, black-scaled, 
with intermixed, scattered, pale scales; proboscis black; fore 
femora pale-scaled, mid and hind pale, with an apical black ring, 
tibin and first tarsals mottled witli pale scales; fore* and mid- 
unguos equal, uniserrate; penultimate abdominal segment creamy- 
sealed except for a small oblique apical line of dark scales, apical 
creamy-scaled. Wings similar to those of the male; but fork- 
cells relatively longer, stem of first fork-cell two-thirds the length 
of its cel), that of second about three-fifthB of the cell. 

Length: 7*5; 9, 6 mm. 

1/ab, —Vic.: Kyabram, Echuca, Bamawm, Swan Hill, and 
Mildura (F. H. Taylor). 

This appears to be a well-defined species related to (7. tasma- 
niensu Strickland, differing, inter alia , in the wing-venation, 
and the mottled femora, tibiee. And first tarsals. C. wiltoni was 
present in enormous numbers in the Qoulburn Valley district, 
Kyabram and Bamawm being inundated with them. Thera is a 
small area of cypress-pine {Callitru sp.) at Bamawm, and it was 
impossible for man or beast to remain in it for even a few 
minutes, owing to the abundance of this mosquito. 

I have much pleasure in dedicating this species to Mr. Wilson, 
of Bamawm, who rendered me much help and kindly service 
while 1 was in that district. 

OCHLIROTATUS NOTOBCKIPTDS (SkUSe), 

Proc. Linn. Soc. N. S. Wales, 1868, xiii., p. 1788(1889)[<7wfo*]; 
Theobald, Mon. Culicid., v., p.200 (1910) [5cufomyta]; Edwards, 
Ann. Mag. Nat. Hist., (8), ix., p.523 (1912). 

Hah. N.S.W.: Ingleburn.-Vic.: Ewan Hill (F. H. Taylor). 

Culrx siTixNS Wiedemann. 

Aussereurop. zweiflug. Ins., p.544 (1828); Theobald, Mon. Cnli- 
cid., v., p.351 (1910); Taylor, Proc. Linn. 800. N. S. Wales, 1916, 
xli», p.570. 
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Hab —Q.: Cairns, Innisfail (F. H. Taylor).—Papua (F. P. 
Dodd). 

This common mosquito enjoys a wide distribution, being found 
from Java through Papua and Torres Straits to Victoria. 

Culbx concolob Dcsvoidy. 

Afl&n. Soc. d’Hist. Nat. Paris, iv., p.405 (1825); Edwards, 
Bull. Ent. Res., ii., p.262 (1911). 

Hab .--Q : Innisfail (F. H. Taylor). 

A short series, bred from larvro, have been compared with 
specimens from other Australian localities, and also with speci¬ 
mens of G\ concolor , C. tigripes , (7. consimilis , and the form de¬ 
scribed as G\ tigripes var. fasca , which have been received from 
the Imperial Bureau of Entomology; and there is absolutely no 
doubt, as Edwards states, that the Australian form belongs to 
C. ooncolor. 

All references dealing with C . tigripes , as from Australia, 
should, therefore, refer to (7. concolor } and C. tigripes should he 
expunged from the Australian list. 

Culbx bitaniobhynchus Giles. 

Journ. Bombay Nat. Hist. Soc., xiii., p.607 (1901), Edwards, 
Bull. Ent. lies., iv., p.231 (1913). G . abdominalis Taylor, Rep. 
Aust. Inst. Trop. Med., 1911, p.53 (1913). 

Edwards gives several synonyms of G\ bitaniorhynchns Giles, 
in his paper, and mentions Culicelsa abdominalis Taylor, also as 
a possible synonym. 

I have compared specimens of tny species with six specimens 
of C. bikstniorhynckus Giles, from Hong Kong, and can see no 
valid reason for treating them as a distinct species, thus con¬ 
firming the opinion held by Edwards. 

Culbx vishhui Theobald. 

Mon. Cuboid , i. f p.355 (1901) (g only); Edwards, Bull. Ent. 
Res., iv., p.233 (1913). C . parvus Taylor, Bull. N. Territory, la, 
p.27 (1912). 

Edwards included C. parvus Taylor, as a probable synonym of 
C. vishnui, when dealing with its synonymy in his paper. I 
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quito agree with this, and place C. parvus definitely as a synonym 
of C, vishnu i Theobald. 

It seems to me that. C. vittknui Theobald, is closely related to 
C. sitxeus Wied. 


Culkx to wN8Vi lLENB is, nom.nov. 

Culi'ielsa fnsca Taylor. 

Trans. lint. Soc. Ijondon, 1914, p.f>99. 

A change of name is nocebsary, as fuscus is preoccupied in 
Culox. 

The sixth and seventh segments of the abdomen have the 
sides covered with white scales, except the apex; eighth pale- 
scaled, unhanded. The fore- and mid-ungues are unequal, and 
not equal, as stated in the description, the mid more so than the 
fore. There is also a small branched process on the undersurface 
at the base of the ungues in both legs. Genitalia of male of 
typical Culex-form. 

9. Similar to Palpi brown scaled; apex of abdomen hairy. 
First fork-cell longer and narrower than second, its Imse nearer 
the base of the wing tlmn that of the latter, stem of the first 
about ono-third the length of the cell, stem of the second slightly 
more than half the length of the cell; hind-tibia* tho bame length 
as first tarsals; ungues equal and simple. 

7/o6.-Q.: Townsville (F. H. Taylor). 

The above corrections in the description of the male are based 
on fresh material, which agrees perfectly with the type. It 
appears to be an uncommon species. 

Culkx fatioans Wied. 

Aussereurop. xweiflug. Ins., p .10 (1828); Taylor, Trans. Eut. 
80 c. London, 1914, p.197. 

N.S.W.: Sydney (F. H. Taylor).—Vic.: Melbourne (Dr. 
Cuinpston), Kyabram, Echuca, Mildura, Bamawm, Swan Hill 
(F. H. Taylor).—S. Australia: Beomark, Cobdogla, Overland 
Corner, Pompoota, Adelaide (F. H. Taylor). 

C, fatigans is a common mosquito in Southern Australia. It 
occurred abundantly at Kyabram and Echuca, where it was 
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breeding in enormous numbers in the irrigation-channels and 
street- watertables. 

Lophocskatomyia caihnsknsis, Np.u. (Plate Ixxxii., figs.8, U). 

( J. Head clothed with brown, narrow-curved, and black, 
upright-forked scales; antennae pale, apical segments and nodes 
dark brown, plumes brown, accessory organs long on segments 
Ave, eight, and ten, apices spoon-shaped on eighth, shoit on sixth 
and seventh; palpi black, penultimate and apical segments with 
black hairs beneath, thumb-like process dark brown; eyes black. 

Thorax and scutellum with brown, narrow-curved scales; 
scutellar bristles black, long; pleurre brownish. 

Abdomen black-scaled, unhanded, apex bristly, segments three 
bo seven with faint, lateral, basal spots; venter dark. 

Wings: first fork-cell longer and narrower than the second, 
the former nearer the base of the wing; stem of first fork-coil 
about half the length of its cell, stem of second about two-thirds; 
anterior basal cross-vein longer than anterior cross-vein, and 
nearly thrioe its own length distant from it; scales brown. 

Legs black, unbauded; ungues of forelegs unequal, the larger 
uniserrate, mid-ungues unequal and simple, hind equal and simple. 

9. Similar to £. Palpi black-scaled, first segment with a few 
blaek bristles; clypeus black; anteunw brown; ungues all equal 
and simple; abdomiuai spots well defined. 

Length: £, 3*5; 9, 4mm. 

ZfaA—Q.: Cairns (F. H. Taylor). 

Described from seven males and ten females, bred from larvae. 
It is abundantly distinct from L . anuulaUt Taylor, and L . cylin* 
drica Theobald. 

Two males and one female have the bases of the fork-cells 
almost level, but there are no other differences from the typical 
specimens. 

Lophockratomyka anxulata Taylor. 

Free. Linn. 80c. N. 8. Wales, 1916, xli., p.571. 

/M-Q.: Cairns (F. H. Taylor). 

A single specimen, bred at the same time as L . cairnsentis 
mil*; it agrees with the type in all respects. * 
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Lophockratomyia cymndrica Theobald. 

Mon. Culicid., iii., p.202 (1903) [Gnlex\ PI. ix.; op . ct<., v., 
p.361 ()9J 0); Edwards, Bull. Ent. Kes., viL, p.228 (1917). 

//«/>.-Q. : Eidsvold (Dr. T. L. Bancroft). 

I quite agree with Edwards in placing this species in Lopho- 
ceratomyia . It is typical in every respect. The Agure of the 
head of the inale on Plate ix., though small, shows the plates on 
the antennae. 

Mansonoioes uniforms (Theobald). 

Theobald., Mon. Culicid., v., p.448 (1910); Edwards, Bull, Ent. 
lies., li, p.253 (1911). 

Hob, —N. Territory: Darwin (0. F. Hill) —Q.: Eidsvold (Dr. 
Bancroft), Cairns, Townsville. — N.8.W : Newcastle (Dr. Dick). 

This is a very abundant and widely distributed species, being 
found from Africa to the Philippine Islands, New Guinea across 
to Darwin, and extending as far as Newcastle, N.S.W. 

Finlaya poioilia Theobald. 

Mon. Culicid., v., p.464 (1910); Taylor, Proc. Linu.Soc. N.S. 
Wales, 1914, xxxix., p.465. 

Uab . ~Q.: Cairns (F. II. Taylor). 

Molpemyia prikstlku (Taylor). (Plate lxxxii., Ag.10). 

Calomyin jn'tssl/su Taylor. 

Trans. Ent Hoc. London, 1913, Part iv., p.684 (1914). 

Cdtomyia cannot be retained as distiuct from Jfolpemyia, there 
being no structural differences. The writer was in error in 
describing the scales on the centre of the head and bordering 
the eyes as spindle-shaped, as they are, in reality, only large 
narrotv-curved scales. 

The species seems to be somewhat variable, as a specimen, 
taken at a later date than the type, shows complete broad band¬ 
ing on the abdomen, whereas, in the type, the abdomen has large, 
basal spots on the segments. 

Skusba psbudom bdiopasoi at a Theobald. 

Mon. Culicid., v., p.489 (1910). 

Hob, —Q.; Cairns (F. H. Taylor). 

Two specimens, both males, before me, agree perfectly with 
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the description of this species They were bred from larva, It 
was originally described from Ceylon. 

Uranomsnia albksckns Taylor. 

Trans. Ent. Soc. London, 1914, Pt. i., p.705. 

llab. -Q.: Cairns (F. II. Taylor). 

The fourth segment of the abdomen is more correctly described 
as brown, with a median, apical, whitescaled area. The Cairns 
specimens, bred from larva, show the fourth segment entirely 
black. 

UrANOTASNIA CAIBN8EN8IS, Sp.Tl. 

§>. Head with dusky-brown, flat scales, with a fairly broad 
band of bluish-white scales round the eyes; an ten me dark brown, 
lrnsal lobe and base of first segment yellowish, palpi black; 
clypeus dark brown; eyes silvery; proboscis dusky-brown. 

Thorax brown, with brown scales and black bristles; scutcllum 
with flat, black scales; ploune with white, flat scales; there is a 
short, pre-alar, white line of scales. 

Abdomen with dusky-brown scales, all the segments with 
lateral, white scales; venter with white scales. 

Legs dark brown, femora pale beneath, ungues very small, 
equal and simple. 

Wings longer than abdomen; first fork-cell shorter and nar¬ 
rower than second, latter considerably nearer the base of the 
wing, stem of first more than twice the length of its cell, stem 
of second slightly longer than its cell; anterior basal cross-vein 
longer than the anterior cross-vein, and nearly twice its length 
from it; halteres pale, with black knobs. 

Length l a 5mm. (vix). 

Nab— Q.: Cairns (F. H. Taylor; July, 1917). 

Described (rum two specimens, bred from larva. It is easily 
separated from other Australian species by its venational and 
abdominal markings. 

Uxahotjwu tibialis, sp.n. (Plate Ixxxii., flg.ll). 

Head clothed with white scales, except in the centre, where 
tlfey are brown; antenna brown, basal lobes black, basal half of 
ftfct segment pale; palpi dark brown; eyes black; proboscis brown. 
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Thorax with brown scales, and long, black bristles, apparently 
in four rows; a short, prc-alar line of bluish-white scales; scu- 
tellum with brown scalos, plcuree brownish, with bluish-white, 
flat scales. 

Alidotnen covered with black scales; venter brown-scaled. 

Wings longer than abdomen; first fork-cell shorter and nar¬ 
rower than second; base of latter much nearer the base of the 
wing; stein of the first nearly twice the length of its cell; stem 
of second about the length of its cell; anterior basal cross-vein 
longer than anterior cross-vein, and once and a half its length 
from it. 

Legs dusky-brown, femora basally pale beneath; apex of fore- 
tibia! with a tuft of long, brown, hair-like scales, second tarsal, 
clothed with fairly long scales, tarsi three to five pale; ungues 
of forelegs simple, rectangular, mid apparently the same. 

9. Similar to inale Scales on the costa, subcostal and first 
longitudinal veins dusky as in male. Fore tibiie normal. 

Length: 1*75; 9, 1*6 in in. 

Hub Q.: Cairns (F. H. Taylor). 

Descril>ed from one male and two female specimens, bred from 
larvue. The black abdomen, venation, and fore-tibiie of the male 
render this species distinct from its Australian congeners. The 
lengths are only approximately correct, as the specimens are 
doubled up. 

Uranotania propria Taylor. 

Trans. Ent Soc. Loudon, 1914, Pt. iv., p.704. 

9. Similar to male. First fork-cell shorter and narrower than 
second; stem of former nearly twice the length of its cpll, stem 
of latter slightly longer than cell, anterior bcuial cross-vein longer 
than anterior cross-veiu, and once and one-half its own length 
from it. Legs normal. 

Hab. Q.: Cairns (F. H. Taylor). 

This species was, previously, only known from the male. 

Uranotania axtknhams, sp.n. 

9. Head with pale scales iu the oentre, blackish elsewhere; 
eyes black; antenun brown, basal lobes yellowish, first segment 
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very long, about twice the length of the second, its base pale; 
palpi blackish. 

Thoratx brown, with brown scales and black bristles, and a 
short, narrow, pre-alar, white line of scales; scutellnin with black 
scales; pleura brown, with white scales. 

Abdomen covered with black scales; venter brown-scaled. 

Legs dusky-brown; femora pale beneath, apical tarsi pale. 

Wings; first fork-cell shorter than second, stem of first fork¬ 
cell about twice and one-half the length of'the cell; stem of the 
second slightly longer than the cell; anterior basal cross vein 
longer than anterior cross-vein, and twice its own length from 
it; seales on the costa, subcostal, and first long vein dusky, paler 
elsewhere. 

Length 1*75 mm. 

27a6.—Q.: Cairns (F. H Taylor). 

Described from two specimens, bred from larvse. The first 
joint of the antenna*, and the venation separate this species from 
other described Australian species 

Uranotania hilli, sp.n. (Plate Ixxxiii., fig.12) 

Head covered with brown, Hat scales; antenme pale, nodes 
brown; eyes black and silvery; palpi brown, slightly longer than 
usually found in the genus. 

Thorax covered with dusky-brown scales, prothoracic lobes 
prominent, dark-scaled; scuteUum dark, denuded of scales; pleura 
yellowish-brown. 

Abdomen with black scales; venter pale-scaled. 

Legs dark brown; femora pale beneath. 

Wings ; fork -cells the same length, base of the second nearer 
the base of the wing; stem of the first fork-cell slightly shorter 
than its cell, stem of second not quite one-third shorter than its 
oeU; anterior basal cross-vein longer than the anterior cross-vein 
and about once and one-half its own length distant from it. 

Length 8 mm. 

ffab.— N. Territory; Darwin (G. F. Hill; No.321). 

Described from two specimens. The length of the first fork- 
eeft is relatively longer in comparison with the second than is 
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found in Uranotmnta, but 1 prefer to regard this species as 
belonging to that genus. 

Mr. Hill notes “larvae in crab-holes in mangrove-swamps.’' It 
affords me much pleasure to dedicate this species to its discoverer. 

Paratype in Coll. Hill. 

Hoihugsia caihnsrnsis, sp.n. (Plate Ixxxiii., figs. 13, 14). 

Head with black and bluish scales. Thorax orange, with pro¬ 
minent black markings. Abdomen black-sealerl f fifth segment 
apically white, the second to sixth segments laterally white. 
I^egs unbanded. 

J. Head with black scales, with a triangular patch of bluish- 
white scales on the Occiput and on the sides towards the base; 
eyes, palpi, and proboscis black; an ten nee black, first joint long, 
basal half yellov/ish. 

Thorax orange, with a prominent black spot above the wing- 
roots, and a broad, median, brown stripe from the centre to the 
posterior margin of the scutellum, sparsely covered with short, 
hair-like scales: scutellum pale on the sides, covered with small, 
black scales; prothoracic lobes with pale, flat scales. 

Abdomen with black scales, first segment paler, segments two 
to six with lateral, white patches, fifth with a broad, white- 
scaled, apical band, apex bristly; venter pale-scaled, apical seg¬ 
ment dark. 

Wings considerably longer than abdomen, black-scaled; first 
fork-cell longer and narrower than second, base of the latter a 
little nearer the base of the wing; stem of the first fork-cell 
about three-quarters the length of the cell, stem of second about 
two thirds of its cell; base of second long vein carried well beyond 
the transverse vein; halteres pale, with black knobs. 

Legs black; femora with the basal half above, and the under¬ 
surface, creamy; ungues very small, equal and simple. 

Length, 1-5 mm. 

Hob. -Q.: Oairns (F. H. Taylor), 

Described from a long series taken in shady situations, on the 
edges of swamps, mainly sheltering in tree-holes. It is readily 
distinguished from H. triangulate Taylor, by its thorax and 
abdominal bauding. 
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Hooorhia triangolata Taylor. (Plate lxxxiii. t fig.15). 
Trana. Eat. Soc* London, 1914, Pt. i., p,204; Proc. Linn. Hoc. 
N. S. Wales, 1915, *1 1 p. 184- 
//aA. — Q.; Cairns (F. H. Taylor). 

Fresh specimens show that segments two, three, five, and six 
have white, lateral spots, and that the venter is white-sealed. 

This species is wrongly recorded as Uodyesui tnmaculatun in 
the Zoological Record, li., Insects, xii., p.277, 1914(1916). 


EXPLANATION OF PLATES LXXX.-LXXX1II. 

PlfttC lxxx. 

Fig. 1.— Anophefe* (Afyzorhynrh u*) l*arhiro*tn* vat, haurrofh (tiile«); head 
of male. 

Fig.2.— Toxorhynrhifr* speciom* (Skune); head uf male. 

Fig.3. - Armiym* hrtinli Taylor; genitalia of male. 

Plate Ixxxi. 

Fig.4.— GnMumia theolxildi Taylor; wing. 

Fig.5.— Cvlicadu mhoni t Rp.n.; head of male 
Fig.O.— Oulictula lriUont, sp.n.} genitalia of male. 

Fig.7.— OtUicada wiUoni, Rp.n.; wing of female. 

Plato lxxxn. 

Fig.8 ^Lophoetraiomyia cairn*tw<is, Rp.n.; head of male, showing an- 
tennary organs. 

Fig.O.— Lophoceratomyia cairnnen*i* $ sp.n.; wing. 

Fig. 10. — Molpemyia priest/eii Taylor; wing of female. 

Fig. 1 X.—Unwotaatia tibialis, »p.n.; wing. 

Plate Ixxxiii. 

Fig.l2*—Uranohmiu hi!li t sp.n.; wing. 

Fig. 18. —Hodijeaia minwnsis t sp.n.; wing. 

Fig. 14 . —Hodgtsia cairnsznsit, Bp.n,; portion of wing under high power. 
Fig.Uk—/fafyesfo triangulata, sp.n,; wing. 
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NOTE ON THE TEMPERATURE OP KVUIDKA 
AVVLKA TA. 

Ry H. N. Halcko Wakdi.aw, T.innkan Macleay Pku.ow 

or the .Society in Physiology. 

1 I 

(From the Physiological Laboratory of the University of Sydney.) 

(With two Trxt figures). 

In a previous communication, the present writer has recorded 
a number of observations of the rectal temperature of Echidna 
acnlmta (WardJaw, 191 A). The observations were made at 
different times of the day, and during different seasons of the 
year. As the temperatures showed considerable variations, even 
outside of the periods during which the animals were hibernating, 
some difficulty was experienced in arriving at an estimate of 
their normal waking temperature. Average values calculated 
from results varying like those obtained have no precise meaning. 
Yet to give the range of variation alone is hardly sufficient: a 
central value is necessary as a point of departure. 

These results, therefore, have been submitted to a further ex¬ 
amination, in which the graphic method of statistical analysis, 
due to Oalton, has been applied in the manner described*in a 
former paper (Wardlaw, 1917). In this way, it has been shown 
that the observations of temperature are not distributed at 
random over their whole range of variation, but occur more fre¬ 
quently in the vicinity of certain values, and that the tempera¬ 
ture of this animal has certain definite most probable values for 
different times of the day at different seasons of the year. 

In the accompanying diagrams (Text-figs. 1 and 2), the fre¬ 
quency of occurrence of different temperatures of Eohidna, outside 
of the periods of hibernation, have been plotted. Temperatures 
of the animals are measured along the abscisses. The relative 



BT II. S. HALO HO WAKDLAW. 840 




846 


TEMPERATURE OP ECHIDNA ACULRATA, 



Text-fig.2. (See p.849), 
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frequencies of occurrence of the various tempeiutures are j>r<i 
port ion al to the ordinates. Autumn and winter temperature* 
are given in Text-fig. 1; spring and summer temperatures are 
given in Text-tig.2. The morning and afternoon temperatures 
are plotted separately in each diagram. The mean air-temper¬ 
atures, corresponding to each range of l u C. of the animal’s tem¬ 
peratures, are also shown. The nunilM:rs of results represented 
hy each of the four pairs of curves an* us follows: autumn-winter 
period, morning, 188, afternoon, 212 ; spring summer period, 
morning, 98, afternoon, 102. As these numbers are different, 
the ordinates of the different curves are not directly comparable 
with each other. Thin does not matter, however, as only the 
different ordinates of the same curve require to be compared. 

Curve A, Text-fig. 1, shows the ogive of the morning temper 
uteres of Echidna during the autumn-winter period. Each 
ordinate is proportional to the numlier of observations occurring 
at and below the corresponding temperature. Curve A' is the 
derived or frequency-curve; each ordinate is projiortional to the 
number of observations occurring at the corresponding temper 
ature. It wifi be seen that the maximum of this frequency-curve 
lies at 29’7 U C.; this is the most probable morning-temperature of 
Echidna during the autumn-winter period, ft will also he noticed 
that the curve A' Hattons out and liecoines almost horizontal 
lielow a temperature of about 27*6 U C. This portion of the curve 
continues down to about 8-0T\, but lias uot all been shown. The 
curve indicates that, lielow 27'6°C,, Echidna allows its temper¬ 
ature to vary at random, and displays no tendency to bring it 
towards a definite value. By the time its body-temperature has 
fallen to 27 a 5°C., Echidna has thus become a completely poikilo- 
therm&l animal. 

The line A" joins the mean air-tern perntu res corres|>ondirig to 
the different liody-tetnperature* of Echidna, aud is marked by 
circles. 

Curve B, Text tig. 1, is the ogive of the afternoon-temperatures 
of Echidna during the autumn-winter period. Curve B' is the 
corresponding frequency-curve. Its maximum occurs at 32*3 r C.» 
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and this is the most probable afternoon-temperature of Echidna 
during the period in question. 'Hie line li" joins the air-temper- 
atures corresponding to the different temperatures of Echidna, 
and is indicated by dots. 

Curve 0, Text-fig.2, is the ogive of the morning-temperatures 
of Echidna during the spring-summer period. C is tho corres¬ 
ponding frequency-curve. Its maximum lies at 30*0*0., and this 
is the most probable morning-temperature of Echidna during 
spring and summer. The line C" joins the average air-temper¬ 
atures as before, and is indicated by circles. 

Curve I>, Text-fig. 2, is the ogive of the after noon-temperatures 
of Echidna during the spring-summer period. D' is the corres¬ 
ponding frequency-curve. The curve, it will )>e noticed, does 
not fall after rising to its maximum, but remains constant. The 
maxima] value is reached at a temperature of 32 6X5. Above 
this temperature the frequency curve is horizontal, and the tein- 
jKjrature of Echidna varies at random. These facts indicate that 
there is an upper, os well as a lower, limit of temperature beyond 
which the temperature-regulating mechanism breaks down, and 
Echidna behaves as a poikilothermal animal. This mechanism 
is only effective while the animars body-temperature lies between 
about 27*6X\ and 32*6X., that is, over a range of variation of 
about 5X5. 

The liue I)" joins the average air-temperate res corresponding 
to the different afternoon-temperatures of Echidna during the 
spring-summer period. 

The four curves show, that most probable temperatures of 
Echidna are 2*6°C. lower in the morning than in the afternoon 
during lioth of the periods in which the observations were 
made. 

The most probable temperatures of the spring-summer period 
were very slightly (0*3X5.) higher than the corresponding tem¬ 
peratures of the autumn-winter period. The average air-temper¬ 
atures were about 5*0. higher in the former than in the latter 
period. 
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Summary. 

The most probable U'inperiitums of Echidna are: in the morn 
rug, 21)7*0. during autumn and winter; 30*0*0. during spring 
and summer. In the afternoon, 32*3*0. during autumn and 
winter; 32‘ti’C. during spiing and summer. 

The temperature regulating inecliauisiii of Echidna is only 
effective while the body temperature lies between 27 6*0. and 
32*6*0. Outside of these limits, Echidna boliax es as a poikilo- 
tliennul animal. 
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LEGENDS UK TEXT-FIGURES. 

Text-tig. I lp.845). 

Relative frequency of occurrence of different autumn mid wintei tcnipt'i- 
attires of Echidna. Abscissa 1 , body-temperatures of Echidna. 
Ordinates of curves A and B aiv proportional to munhern of oh- 
Nervations at and Inalow the corresponding temperatures. OrdinatCN 
of curves A' ami 15' arc proportional to numltent of olmevvation* at 
the corresponding temperatures. The points joined by the litieti A” 
mid B* indicate the average air-tcm petalures corresponding to each 
degree range of Ixidy-tcinperature. tatters A, A', A" refer to 
morning-temperatures; letters B, B', If' to afternoon-temperatures. 

Text-tig.2 (p HIT). 

Relative frequency of occurrence of different spring ami Huinuier temper- 
. attires of Echidna. Alisciswe, Ixxly* temperatures of Kchulim. 

Ordinates of curves 0 ami 1) are projiortioiml to uumliers of ob¬ 
servations at and Mow correNpondmg temperatures. Ordinates of 
curves C' and D' arc proportional to munhers of observations oc¬ 
curring at the corresponding temperatures. The |H>inU joined by 
the lines 0" and D" indicate the average air-temperatures cones* 
ponding to oaoh degree range of laxly-tcmpcrature. Letters C, C\ 
O* refer to morning-temperatures; letters D, D' t D" to afternoon- 
temperatures. 



850 


THE OCCURRENCE OF METHYL L^EVO-INOSTTOL IX 
AN AUSTRALIAN POISONOUS PLANT 

By J vMhH M. Pki'kik, D.Sr., F.T.C., Linvkw Macmcay FhU,o\\ 

OF TilK SoCIE'IY IN BlOrftIK WINTRY. 

(With two Text-figures.) 

( From the Physiofuy ical Laboratory of the University of Sydney.) 

Jletrrodcndron ohtefoTunn Deaf., (Family Sapindacea*) is a large 
slirub growing on the plains of the Western and Northern In¬ 
terior of New South Wales, and is also found in all the other 
States of Australia. It has been described as a valuable forage- 
plant in the stock country because of its drought resistant 
character. 

Sometime ago this plant w as sus] united to be the cause of 
certain fatalities among cattle and horses, and a sample was 
received by the writer for chemical investigation. Tt was found, 
when examined, to be a strongly cyanogenetic plant. 

The main object of the extensive investigation carried out on 
this plant was, therefore, the attempt to isolate the cyanogenetic 
principle and to study its properties. During the course of the 
work there was separated a remarkable and interesting compound 
of hevo-inositol, and this {taper will bo confined to an account of 
the method by which it was obtained, and a general description 
of its characteristic features. 

The material for the investigation was collected near Coonatnble 
by Stock Inspector E. W. Procter, and forwarded to the Uni¬ 
versity through the kindness of the Chief Inspector of Stock, Mr. 
8. T. D. Symons, M.R.C.V.S., to whom the author expresses his 
indebtedness and thanks. 
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Method of Extraction. 

The plants were air<lrie<i, and then the leaves wen* separated, 
crushed, and afterwards finely jiowdered Of thin air-dried leaf- 
powder, 2*5 kilos, corresponding to aland ITS kilos, of fresh 
leaves, were extracted with SO**/ alcohol. The extraction was 
continued until almost complete; and tin* alcoholic fluid, measur¬ 
ing 81 litres, was distilled under diminished pressure, and at a 
temperature not exceeding 85 C. Thu distillation was continued 
till the residue was free from alcohol, and concentrated to a thick 
syrup. Tills viscous residue was treated with warm water, 
filtered through calico, and the residue washed until no more was 
dissolved. There was collected on the cloth-filter a block, sticky 
mass, consisting mostly of chlorophyll and rosins, and weighing, 
when dried, 200gnm., or 8% of the air-dried leaves. The aqueous 
filtrate, after standing in tall cylinders for a few days, deposited 
a considerable quantity of brown, amorphous resin. The latter 
was removed and washed with cold water. 

The opaque, dark brown solution was next purified by the 
addition (1) of an equal volume of 10% lead acetate solution, 
and (2) of an excess of basic lead acetate, after removing the 
previous bulky deposit. These very voluminous yellow precipi¬ 
tates were separated by spinning in the centrifuge, and were 
washed in the same manner with cold water, and reserved. Next, 
the solution was made free from lead by saturation with hydrogen 
sulphide, and the precipitate removed and well washed. 

The aqueous solutiou, measuring 18 litres, was now concen¬ 
trated by distillation at a low temperature, to a volume of about 
2 litres. At this stage, the solution was thoroughly extracted 
by shaking out with ether, and in this way the free acetic acid 
was removed. 

Crystallisation. 

Two volumes of strong alcohol were then added to the solution, 
And, on standing to settle, a dark syrupy deposit formed, from 
which the solution was decanted. The latter yos then concen¬ 
trated by evaporation to a viscous mass, and on the addition of 
98% alcohol to this residue, an insoluble viscous substance re- 
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mained. The alcoholic fluid was allowed to stand for some days, 
when there was formed a considerable quantity of clear glassy 
crystals. On evaporation at 35"C., and again treating with 
alcohol, a further separation of crystals took place. This evapo¬ 
ration and treatment with 95% alcohol was repeated three times, 
the mass of crystals was drained on a Buchner funnel, and 
washed with alcohol. The whole was then recrystallised from 
"dilute aleoliol, and the crystals dried. The weight of this sub¬ 
stance, with the add it ion of a smaller amount obtained in the sub¬ 
sequent. treatment of the solution, was 15 gins., equivalent to— 
0*65 per cent, of the dried (at 100*) leaves. 

0*60 per cent, of the air-dried material. 

J’nrification of the o'yataf *.—The whole of the substance was 
now dissolved in water, it) which it was exceedingly soluble, and 
alcohol was carefully added to the point of incipient precipitation. 
On cooling the solution to 0°C. f the substance slowly separated 
in fine transparent crystals. During this separation, the super- 
fluid was decanted at intervals, till Anally there were obtained 
twenty separate fractions. The flrst, tenth, and twentieth frac¬ 
tions, when dried, gave melting-points between 188* and 189*5*0. 
(uncorrected), thus proving the presence of a single substance 
only. The combined fractions were recrystallised three times, 
and dried in a desiccator. 

Properties of the Crystals. 

The following testa are described in the order in which they 
were performed, and show the method by which the constitution 
of the compound was gradually elucidated. 

Preliminary teet *.— (1) On fermentation with a very active 
preparation of emulsin, no hydrocyanic acid was evolved. The 
compound is, therefore, not the active principle of the plant. 

(2) When heated, the substance melted, charred, and burned 
entirely away without residue. 

It consisted of the elements carbon, hydrogen, and oxygen 
only. The crystals possessed a very sweet taste, and were ex¬ 
cessively soluble in water;* from which facts it may be inferred 
that the compound contains a number of hydroxyl groups. When 
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examined by the microscope, the crystal form was similar to that 
of cane sugar. 

Molisch's reaction with sulphuric acid and a-naphthol or 
thymol gave no colour, and Fehling's solution was not reduced. 
The compound is, therefore, not a sugar. 

(3) The melting-point, taste, and crystalline form arc identical 
with those of the hexahydrio alcohol, duicitol; the latter, how¬ 
ever, yields mucic acid when oxidised with nitric acid, whereas 
no mucic acid could be obtained from this substance. 

(4) By treatment of the solution with phenylhydrazin acetate, 
no hydrazone or osazone could be obtained. 

Silver nitrate in ammoniacul solution gave no precipitate in 
the cold; but, on warming, the solution slowly darkened with 
precipitation of the silver. 

On boiling with dilute acids and alkalies, and subsequently 
recovering the compound, no apparent change in its properties 
was noted. 

(5) Quantitative deform inationa ,—The crystals, which had been 
formed in dilute alcoholic solution, and dried in a desiccator at the 
ordinary temperature, were heated at 110*C. for two hours, but 
showed no decrease in weight, and then at 150‘C. for 30 minutes, 
with a similar result. The substance, therefore, contains no 
water of crystallisation. 

The solubility showed that 1 gm. required 1 *9 c.c. of water at 
2UO., or 53%. 

(6) The melting-point, os carefully determined on a standard 
Anschtttx thermometer wholly immersed, was 190*C. 

(7) Ultimate analysis of the substance yielded the following 
results:— 

0*1262gm. gave... 0*083 H a O and 0*1983 CO,,. 

Equivalent to ... 7*3% H and 42-9% C. 

C 7 H l4 0„ requires 7*2% H and 43*3% C. 

This formula, which conforms most closely to the figures ob¬ 
tained for the substance, is possessed by the methyl-hexoses, 
simple ghioosidee, and certain derivatives of benzene. 

(8) A determination was made of the number of methoxy 
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groups present in the molecule, by Perkin's modification of the 
method of Zeisel. By heating in pure hydriodic acid, methyl 
iodide distilled over into silver nitrate solution. 

0*2 gm. gave ... 0*2315gm. silver iodide. 

Representing . 0*0306 gm. CH a O. 

C-H l4 O fI requires 0*0310gin. for one CH a O group. 

The substance can, therefore, be represented by the formula 
CH ;l *C rt H 1 t O ( „and the residue remaining in the Zeisel apparatus 
should possess the formula C„H l2 O n . In order to recover this 
substance for examination, the solution, from which the methyl 
iodide had been driven off, was heated on the water-bath to 
remove hydriodic acid, and then evaporated to dryness. By 
extracting this residue with alcohol and cooling to 0*C., white 
crystals were recovered. 

Crystals dried in desiccator and weighed... O'lGOgm. 

Crystals dried at 110°C. and weighed ... 0*160 gm. 

C ; H 14 0 (J —0*2gm. requires . (H86gm. 

The crystals are, therefore, without water of crystallisation. 
The low yield may he accounted for by partial decomposition 
during the boiling with hydriodic acid, as the odour of benzene 
and phenol was distinctly detected. 

(9) ProjM'tie* of the demHhylated substance .—After three crys¬ 
tallisations, the substance gave a melting-point of 238*C. V and 
charred at 239°C., carefully determined on an Anschutz standard 
thermometer with the column submerged. 

This substance also gave a negative result with Molisch’g test, 
proving the absence of all open-chain carbohydrates; and since 
benzene and phenol were identified as decomposition-products of 
the ester, the possible cyclic compounds may next be considered. 

The formula C fl H ltt O tf is contained in the inositol ring, for 
the identification of which the following reactions are specific:— 
(a) Scherer’s test gave positive reactions with this substance, 
and likewise with the original methyl derivative. When a little 
of the solution is evaporated with nitric acid, neutralised with 
ammonia, and calcium or barium chloride added, a brilliant rose- 
red colour appears. (Liebig's Annalen der Ohemie u. Phanu. 81, 
1862, 375). 
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(b) Qattoi* t+*t gave positive results with both substances. 
When the crystals are treated with mercuric nitrate, a yellow 
precipitate first forms, which, on evaporating to dryness, gives a 
deep red colour; on cooling, this colour slowly disappears, to 
return on 1)eing reheated. (Fres. Zeitschrift fUr anal. Cheinir, 
iv. # 1865, 264). 

These two characteristic i*eactions are dim to the oxidation of 
inositol toa cpiinonoid substance known as rhodizonic acid, whose 
salts with calcium, barium, and mercury, possess the bright 
colours described. 

The reduced substance is thus proved to be one of the inositols, 
and the original compound isolate! from the plant-extract is its 
methyl ester. 

(10) Option? praprrtui*. —A polarimetric determination of the 
two substances was made with a Hchniidt and Htumsch polari- 
meter reading to one-hundredth of a degree. 

Methyl immitol 0*5 gin. was dissolved in lOc.c. of distilled 
water at 16*C., and a Itovo rotation was recorded of - 4*01° in a 
l dcm. tube. 

The specific rotatory power [«]** - - 80*2; [M] l D u — - 155*6. 

The solution was boiled for two minutes, and after cooling to 
lfl*C., was again read in the polarimeter. No change was ob¬ 
served, such as is due to mutarotation among the hexoses. 

Inositol, thede-methylated compound, 0*0741gm. was dissolved 
in 10c.c. of water at 16°C., and showed a l»vo rotation of 
- 0*48* in a 1 dcm. tube. 

Specific rotatory power [a ] l D *« - 64*8; [M] l to * « - 116*7. 

(11) Hydration ,—The lnvo-inositol was obtained by crystallisa¬ 
tion from cold aqueous alcohol, and contained no water of crys¬ 
tallisation. When crystallised from water, it was also obtained 
in anhydrous crystals. 

Now Maquenne and Tanret have described some important 
differences with regard to the water of crystallisation in the 
isomeric inositols. 4 They found that— 

* Reaherohes tur l'inoeite, Maquenne—Annalei de ohemie et de physique, 
JtW.f 1887, 84$ Comptes rendus, ox., 1880, 87. 
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Inactive-inositol 

from dil. alcohol, or water under 50°C., gave orysts. with 2H t O. 

from dtl. alcohol, or watet above 50°C., gave anhydrous orysts. 

Dextro- inositol 

from dil. alcohol, or cold water, gave anhydrous crysts. 

from cold water seeded wit h hydrate uryntH., gave orysts. with 2H t O. 

from hot water, gave . ... nrysta. with 2H V 0. 

Lie vo-inositol 

from cold water, gave . orysts. with 2H t O. 

from hot water, gave .... orysts. with 2H,0. 

from dil. alcohol, gave anhydrous orysts. 

Dl-inositol 

from oold water, gave .. .anhydrous orysta. 

It is to bo pointed out that the inactive and dextro forms give 
reverse results with the same treatment. Maquenne, in com* 
paring the dextro< and lsevo-isoiners, could always obtain the 
former from cold water in anhydrous crystals, hut was quite 
unable to obtain the same with the Iipvo form. 

The following results were obtained with the levo-inositol 
from Heterodmdron % and are of interest when compared with the 
figures in the previous table. 

gm. 

1. Heated at 110"C. for 1 hour . ... 0*5605 

2. Dissolved in oold water, dried in desicc. at 25°0. for 2 days .. 0'5522 

„ „ „ 25*C. for 1 day ... 0*5511 

„ „ 26®C. for 1 day ... 0*5508 

3. Dissolved in water at 70°C., orystd. at 70°C., dried in desioo. 

at 25°C. for 2 days . 0*5078 

at 25*0. for 1 day . 0*5950 

at 15*0. for 8 days . 0*5680 

at 15*0. for 3 days .0*6512 

4. Heated at 100*0. for 3 hours . . 0*5508 

5. Diss. in water, dried in the open at 15*0. . 0*5508 

Inositol *2H,0 requires . 0*5600 

The crystallisation from cold water, therefore, left anhydrous 
inositol when kept over sulphuric acid, or dried in the open, 
When crystallised at 70*C., and subsequently kept ovor 
sulphuric acid for two days, the ciystals contained an equivalent 
of two molecules of water; but since this water was gradually 
lost at the ordinary temperature standing over sulphuric aoid, or 
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in the open, apparently it was not combined an hydrate in the 
crystals. 

The hydrates obtained by Mai|uenuc and others were only 
decomposed at 100*C. If the hydrate exists in the above case, 
it is decomposed by drying at the ordinary temperature. 

The lievo-inositol of this research, therefore, was obtained in 
anhydrous crystals only. The hydrates prepared by the French 
rliemists could not be obtained. 

'flic substance isolated from Ilstmtdendron olmfolium is thus 
proved to lie the methyl ester of hrm-rotatory inositol. 

(12) Crystal Form .—The outward structure and measurements 
of the crystal forms are intimately related to the internal struc¬ 
ture of the isomeric molecules, and, therefore, form an essential 
part in the elucidation of the individual members of a group. 
The methyl inositols apparently have never been examined by 
crystallographers, and indeed, as far as the author can ascertain, 
only inactive inositol crystals have been examined by the goni¬ 
ometer. 

The gonionietric determinations of the crystal forms of l.-methyl 
inositol were kindly made by Dr. C. Anderson, Mineralogist to 
the Australian Museum, and are here included. 

Crystal Measurements or Methyl l^vo-inositol. 

By Charles Anderson, M.A., D.Sc. 

The crystals are small, the largest being about 2 mm. in length. 
They belong to the orthorhombic system and are very uniform 
in development and habit; of the five crystals measured, four 
show the forms a(100), 6(010), m(110), y(011), while one lias, in 
addition, one face of the form r(101), and they are all tabular 
on a. The faces are by no means perfect, being interrupted and 
wavy, the signals are only fair, and, consequently, the measure¬ 
ments are not in close agreement. The crystals were measured 
on a two-circle goniometer, the reducing lens being used. 
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Text-tig. 1. 

The axial ratios were calculated fruiu the following an. 



The elements deduced from these angles are 
a:b:o-07609:1:0*8224. 
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Fot'tns and anylt*. 


Form. 

j Symbol. 

Measured. 

•k ! p 

Calculated. 

</. ! i> 

a 

100 

i 

89*54' 1 

<m w 4' 

00 0' 

oo o' 

h 

010 

0*5' 

90*22' 

mr 

| oo°«v 

tn 

110 

52*44' 

90*2' 

— 

! oo*o' 

q 

, on 

0"0' 

30*20' 

0°0' 


r 

1 101 

i 

88*33' ! 

47*43' 

90°0' 

j 47 4 13' 


The Inositols. 

Position of the group. —The relative position of the group, and 
the mode of occurrence of its mombtys in nature, are of consider¬ 
able interest to the biochemist, especially since the discovery of 
“phytin” in plants by Paladin, in 1895. 

The basis of inositol is the hexainethyleue ring (CH a )„. 
Hexamethylene, C d U 1]e (Text-fig. 1), occurs only in the hydro¬ 
carbons of the petroleum of Russia, Galicia, Baku, East Indies, 
and California, in the fraction Inwling about 80°C. It has not 
been detected in plants or animals. 

By the substitution of hydroxyl groups (OH) in the hexamethy¬ 
lene ling, the following series of compounds is obtained:— 

(OH), (OH) a , (OH) 3 —synthetic compounds only. 
(OH) i ~~-betite, isolated from beet sugar residues. 

(OH),—quercite, in oak and other plants. 

(0H) (I —inoeite, in many animals and plants. 

Inosite, or inositol, has, therefore, the constitution of a hexa- 
hydroxy hexamethylene C ( ,H n *(OH) ( „ and although its formula 
may be written C„H ly 0 6 , it is nevertheless, in its relationships, 
far removed from the carbohydrates. 

The constitution of Inositol .—The configuration of the inositol 
molecule, or, in other words, the arrangement of its atoms in 
space, admits of eight different geometrical groupings resulting 
in eight possible isomeric forms. When these and their mirror- 
images are built up in models, it is found that seven of the forms 
may be superimposed on, and, therefore, coincide with, their 
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mirror-images. This condition, arising from a certain degree of 
molecular symmetry, is accompanied by inactivity towards polar¬ 
ised light. These seven forms having their asymmetric carbon 
atoms internally compensated, are, therefore, optically inactho 
in the polariineter. One form alone is found to possess an 
entirely asymmetric molecule, and, in consequence, this arrange¬ 
ment can exist as active dextro and hevo compounds, and, in 
addition, their d(~ or racemic inactive combination may also exist. 

Constitution of the methyl esters. —As has just been stated, the 
active forms of inositol are the result of one particular arrange¬ 
ment of the hydroxyl groups. This arrangement, which may be 
readily discovered in the models, is that where the six hydroxyl 
groups occupy the positions 1, 2, 4, on each side of the ring. 
This form (Fig. 2) and its mirror-image (Fig. 3) constitute the 
dextro- and leavo-inositols. 

Fig.l. Fig. 2. Fig. 3. Fig.4. 



The methyl ester, C 0 H 0 (OH)j, (OCH s ) is obtained by sub¬ 
stitution of a methyl group in one of the hydroxy] groups, and 
again from the models it can be proved that substitution in the 
hydroxyl 1, 2, or 4 results in three possible and different com¬ 
pounds being obtained. The first of these ib represented by 
Fig.4. The corresponding three positions in the mirror-image 
(Fig.3)—which are identical with the alternate three positions 
below in the other form (Fig. 2)—produce their optical anti- 
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IKMles. The possible existence of three dextro- and three kevn- 
inethyl esters is thus determined Tt now remains to ascertain 
(a) whether the few inositol esters which have Ikhuj isolated up 
to the present time, represent the same stereo-isomer, (b) whether 
the compound obtained from Urtentdendnm is identical with any 
of the others, or represents the second or third isomer. 

Occurrence in nature .—It has been previously stated that 
theoretically there can exist ten steixso-isomeric forms of inositol 
its a maximum possible number:— 

7 inactive by internal coinponsutiou (ineso), 

2 active, doxtro and lievo, 

1 inactive, racemic or d ?, 

10 isomeric forms. 

Only the inactive inositols have yet been found existing in the 
free state in nature, but esters of lx>th active and inactive 
inositols are found. 

(a) Inactive inositol .—This form, widely distributed in animal 
tissues, and already well known to physiologists, possesses the 
formula of one or other of the seven internally compensated 
molecules, and it is worthy of note that this is the only form 
found in the animal kingdom. It has always been refer ref l to in 
physiological chemistry as one substance, with definite and con¬ 
stant general properties. But no one so far has troubled to ex¬ 
amine minutely, material from widely different sources or organs, 
as to the particular properties which would differentiate these 
inactive isomers, such as crystallographic measurements, or optical 
properties. 

It was discovered in animals, in 1860, by Scherer, in extracts 
of flesh/ and in plants, six years later, by Vohl.t This author 
was examining the sap of unripe pods of Phaseoln* vulgaris , and 
after completely fermenting the sugars, and distilling off the 
aloohol, he found that the solution still possessed a very sweet 
taste. He then separated a manna-like substance, which he called 

* Liebig's Annelen der Obemie und Pharm., Ixxiii., 1850, 322. 
t Ibid., xdx., 1856, 125. 
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phasoo-mannite. in the following year, the same chemist proved 
the identity of his maimite with Scherer's inosite from animals. 

The occurrence has been recorded of three other substances, 
which are believed to 1*3 isomeric with inactive inositol, since 
they, although differing widely in crystalline form, melting-point, 
and solubility, possess the same general characters. These are 
the scyllite of Httedelar, from certain clasmobranch Ashes, the 
quercinite of Delachanel, from the oak, and the cooositol of 
Mueller, from the cocoanut. 

The compounds of inactive inositol which have been found in 
nature are:— 

Bornesite—the methyl ester, obtained from caoutchouc. 

Dambonite—the dimethyl ester, obtained from caoutchouc. 

Phytin—the phosphate ester, an essential constituent of all 
plants and animals. 

(b) Dextro-inosiud occurs only as the methyl ester, pinite. It 
was discovered by Berthelot,*in 1856, in the resins from Oregon 
pine, and has since been found in senna leaves, and caoutchouc. 

(c) Lfsvo-inoxitol is likewise found only as the methyl ester, 
and the following is a complete record of its occurrence:— 

1. In quebracho bark, Aspidosperma quebracho (Apocynace»), 
discovered by Tanret, of Paris, in I889,t and named by him 
quebrachite. 

2. In Hevea brasiliensis (Euphorbiaceue), in the aqueous solu¬ 
tions of the latex after coagulation of the rubber, { and in Para 
rubber.g 

3. In Orevillea robmia (Proteace»).|| Jt is associated in the 
leaves with the glucoside arbutin. 

4. In lleterodendron oletqfolinm (Sapindaceee), this paper. 

(<?) Racemic inositol was discovered in mistletoe by Tanret in 

* Annales de ohixnie et de physique, xlvi., 1856, 06. 
t Oomptes rendus de l'Aoad. dee Solenoes, oix., I860, 908. 

+ de Jong, 1906, thro. Wehmer’s "Die Pflansenstoffe.” 

1 Pickles and Whitfield, Proo. Obem. Soo. Loud*, 1911, 54. 

II Bourquelot et Fiohtenhole, Journ. pharm. et de ohimie, Paris, vi., 
1912, 846. 
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1907.* It was found to exist free in the berries and leaves, and 
associated with much (meso) inactive inositol, but no active 
isomers were present. 

Thr Activk Forms ok Inositoi.. 


The following Table shows the physical constants by which 
the active forms and their coni|K>uiids arc identified. 



i 

melting-point. 

. * 

spec. rot. 
power. 

(1) Dertro-methyl esttr. 

1 

1 


From Pinus (Maquenne) 

iwrc. 

1 65*5 

Piims (Combes). 

186*3 

65*7 

oaoutohouo (ConilwH) 

187 

m 

oaoutohouo (Girard 

181 

64*7 

(2) Lw'o-mtUiyl e&ttr. 



From Quehraoho (Tanret) 

lUO'C. 1 

-80 

Rubber (Piokles and Whitfield) 

191-2 ; 

80 

Grevillea (Bourquelot). . 

190 

80*3 

Heterodendron (this paper) . 

190 

80*2 

(3) IteJcto-o-intmtol. 



From pinite (Maquenne) . 

247T. i 

+ 05 

pinite (Berthelot) . 

245 1 

■— 

oaoutohouo (OombeH) 

246 

67 6 

oaoutohouo (0irard) 

235 

64*7 

(4) Jjaivo-iiumtol. 



From Quebraoho (Tanrot) . . 

238’C. 

65 

Quebracho (Maquenne) 

247 

05 

Rubber (Pickleu and Whitfield) 

237 

— 

Grevillea (Bourquelot) 

247 

05 

Heterodendron (this paper) . 

238 

64*8 

Table showing the amount of m< 

sthyl lfevo-inonitol obtained 

from the different sources:— 



Atpidotpenna quebracho 

O’ 1 % of dried leaven. 

Htvm bm*ilien*i* rubber 

(2*5% of the rublier). 

Grtifillea t'obusfa . 

0*4% of dried leaven. 

Heterodendron oletr/ofium . . 

0*65% of dried leaves. 

From the first Table, it is apparent that the 

hevomethyl 

inositols (2) from the four different sources, have identical melt¬ 
ing-points and specific rotatory powers, and therefore, in all 

probability, represent one only of 

the three possible stereo- 

isomers previously mentioned. 



* Oomptea rendus do I’Aoad. dm Sciences, oxlv., 1907, 1196. 
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When converted to lwvo-inositol (4), however, there would 
appai* to be two groups of melting-point figures, one 1(4* higher 
than the other, but since there can be only ono possible /-inositol, 
this difference must lx* otherwise explained. 

The Table also shows that while the dextro- and lwvo-inositols 
(3 and 4) are optical antipodes of ono another, their esters (1 and 
2) are not. The optical properties especially are so very diver¬ 
gent that, in all probability, the methyl group occupies a different 
position in the two compounds. The compound isolated from 
Ueterodendron is, therefore, shown not to be an optical isomer 
of Maquenne’s pinite. 

Biochemical Relationships and Significance. 

(a) The chemical aspect. —Since the researches of Maqucuue, 
cited in the previous paragraphs, no subsequent work has shown 
any relationship between the inositols and the carbohydrates, 
other than the sweet taste and the molecular formula common to 
both. Perhaps one exception to this is found in Neuberg’s iden¬ 
tification of furfural among the products of decomposition, when 
inositol is boiled with acids.* Although furfural is also obtained 
from the hexoses and heptoses in small amounts (about 0*2%), it 
is characteristic of the pentose sugars. It must be also remem¬ 
bered that the production of furfural is the basis of Moliach’a 
g i*o up teat for all carbohydrates, and with this reagent the 
inositols gave negative results. 

However, it seems probable from the results of many workers 
that the hexamethylenes form a kind of stepping-stone between 
the open chain compounds and the true benzene ring derivatives. 

Open chain comps. Closed ring camps . 

hexose sugars hexamethylene derive. Benzene derive. 
dulcitol quercitols phenols 

mannitol inositols 

sorbitol 

The hexamethylene derivatives are much more easily decom¬ 
posed than the simple benzene compounds. In fact, it has been 


Bioohem. Zeitwhriffe, ix„ 19Q8, 591. 
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found by Drechsel that fungi and bacteria may be grown in solu¬ 
tions of the former, especially the oxidised forms quercitol and 
quinic acid. It has also been proved that when phenol is ex¬ 
posed for some time to the alternating electric current, it is first 
converted to hexamethylene derivatives, before being finally 
oxidised and split up into various fatty acids.* 

Though there aro many instances of the closing up of open 
chain carbon compounds into ring compounds, such as the con¬ 
version of citral into cymol, the cyclo-oiteals, and terpenes; 
geraniol into dipentene, etc.; yet no such conversions have been 
accomplished between the carbohydrates and the inositols 
Griffin and Nelson, in their researches on inositol and pinite, 
tried by various methods to close up the hexose chain, and to 
open out the inositol ring, but were entirely unsuccessful.f 
(6) The biochemical aspect .—On the other hand, in favour of 
the biochemical possibility, there exist the important observa¬ 
tions of Neuberg: that quercitol and inositol may be reduced in 
a few minutes to open chain carbohydrates (reducing Fehliug’n 
solution, etc.) by the action of sunlight and a catalyser such as 
uranium salt, also by the action of the alternating current.} 
These processes, however, are all reverse reactions, resulting 
in cleavage of the hexamethylene ring. Concerning the direct 
synthesis—carbohydrate to inositol, we havo no evidence at all, 
and Maquenne had no experimental basis for his belief that the 
alcohol mannitol was the source of inositol. 

Bosenberger observed the appearance of inositol in post mortem 
tissues, where previously no inositol existed; and he assumed the 
pre-existence of an “inositogen" from which, by enzyme-action, 
the inositol was formed.^ 

The inactive inositol combines with inorganic phosphates, and 
in this form exists as “phytin” in nearly all living organisms. 
This substance is always accompanied by the enzyme phytase, 

* Journ. fttr prakt. Ohemie, xxxviii., 1888, 65. 
t Journ. Amen Ohera. 8oo. v xxxvli., 1916, 1552. 

X Bioohem. Zeitsohrift, xiii., 1908, 808. 

* I Zeitsohrift filr physiol. Chemie, lvi., 1908, 373. 
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which effects its cleavage and yields inositol again, in the free 
Ntate. Starkcustcui’K investigations show that the source of free 
inositol in tissues is the phytin, and that inositol is a decompo¬ 
sition-product of the phosphoric acid metal >oliHtn in both plants 
and animals.* Indeed, much work has been done in elucidating 
the conditions of this transformation on the side of the phosphoric 
acid, hut again, as to the inositol side, nothing is known. 

The few definite observations concerning the part played in 
metabolism, by inositol, are here summarised: — 

1. In unripe wed*, inositol and quercitol accumulate just at 
the time when the transport of carbohydrates to the fruit begins. 

2. As tho/r«?7 ripen*, Yohl observed that inositol and quercitol 
disappear, and ait* changed into “phytin” (not carbohydrate). 

3. On the germination of the need*, inositol again makes its 
appearance, lwth when grown in the dark and in the light. 

4. During the metabolism of the growing p/ottS, inositol disap¬ 
pears gradually with the rest of the reserve-substances. 

Thus it comes in at the beginning and later passes out again, 
without a clue to its precursors or katabolites. 

When fed to animals, or injected into the blood-stream, inositol 
is about three-fourths decomposed, and the remainder may be 
recovered from the urine unchanged. Mayer injected large doses 
into rabbits, and obtained, from the urine, racemic lactic acid. 
It is likewise decomposed by fungi into butyric and lactic acids. 

This inactive inositol, which occurs so widely in fresh green 
plants, has been shown by many workers to be present in much 
larger quantities in young growing plants (and animals) than in 
the adult forms. It almost entirely disappears from plants when 
they are slowly dried. 

The esters of active inositol, on the otlter hand, do not vanish 
on drying the plants. When we consider the great rarity of 
their occurrence, and the fact that the active forms have never 
been identified in nature as free inositol, it almost leads one to 
assume for them a different origin. Such an origin would be 
more in common with that of certain well known plant-con- 

* Biochora. Zeitsohrift, xxx., 1011, 06. 
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stituents, which also possess side-chains in the 1. 2. 4. positions 
on the benzene ring, corresponding to the positions of the 
hydroxyl groups of the active inositol esters: a few of these may 
be mentioned, such as vanillin, ougenol, safrol, coniferyl alcohol, 
protocatechuic and caifeic acids. 

In conclusion, the author denim to express his indebtedness 
to Professor Sir Thomas Anderson Stuart, in whose lalsiratorv 
this work has been done. 


Summary. 

The endemic Australian plant, /ietarodendron afrafotium Desf., 
Family Sapindaceie, contains the methyl enter of 1 a? vo-rotatory 
inositol. 

The amount isolated was equivalent to 0*60% of the dried (at 
100°C.) leaves. 

This substance is not optically isomeric with the pinite of 
Maquenne, which is the methyl dextro-inositol, possessing a 
different melting-point and optical rotation. 

It is apparently identical with Tanret’s quebrachite, and has 
been previously recorded from three plants only —Aqridmptrma 
quebrc&ho (Apoeynacete), Ilevea brasiHensi# (Euphorbiacese), and 
Greviflea robnsta (Proteaceae). 

The occurrence of this compound is, therefore, exceedingly rare, 
and is in great contrast to the occurrence of inuctiw inositol, 
which exists as a plastic substance in most plants. 

lleterodench'on also contains a cyanogenetic glucoside. 
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AN ACCOUNT OF HOME OBHERVATION8 UPON THE 

LIFE-HISTORY OF PUOMA CITRIC ARP A MoAlp., 

Thk Cauhk of thk “Black Spot” Diskabk in Citrus Fruit in 
Nbw South Walks. 

By G. P. Darnkll-Smitii, D.Hc., F.I.C. 

(Plates Ixxxiv.-xo.) 

Historical. 

A. H. Benson(l) briefly described the symptoms of a disease, 
to which he gave the name of the Block Spot disease of the 
Orange, in 1895. He stated that it was probable that it was 
identical with a disease of the orange in Europe, that had been 
alluded to by Sorauer, under the name of “Schwarts” or block 
disease of the orange. There is little doubt, however, from his 
figure, that it was the disease caused by Phoma citricarpa 
Me Alp., with which Benson was dealing. Benson records the 
disease as occurring at Seven Hills, Castle Hill, Dural, the 
Kurrajong, and Einu Plains. 

N. A. Cobb(9) described the Black Spot Disease of the orange 
in 1897. He gave some excellent figures of affected fruit. He 
also figured the spores. According to Cobb, 41 these spores arise 
after the manner of those of the genus Glceosporium, It is pos¬ 
sible, therefore, that the Australian form is the Colletotriehum 
aduttum of Ellis.” He further stated that the spores were borne 
in large numbers in tandem-fashion from the mycelium at the 
base of the interior of the pycnidiura in a manner entirely similar 
to those of the Bitter Rot of the apple, and gave the sise of 
spores as 7-8 x 10-15 /a. 

The fungus causing the Black Spot Disease of Citrus fruit was 
described os a new species under the name of Phoma citricarpa 
by D. McAlpine, in 11 The Fungus Diseases of Citrus Trees in 
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Australia,”(8) November, 1899, and recorded in Vol. xvi., 864, 
of Sacoardo's Sylloge Pungorum(i). Me Alpine appears to have 
written a letter to Saccardo, in which he stated that the Pkoma 
looked somewhat like a Phyllonticta. 

In the Melbourne Herbarium there are a number of specimens 
marked Phylforticta citricarpa —see Phoma, As no PhyUonticta 
citricarpa appears to have beeu described, it is probable that it 
is to the letter written by McAlpine that Saccardo refers in his 
footnote.* 

McAlpine states that the Anthracnose disease in Florida, due 
to CMctotrichum atlusium Ellis, And the black disease of oranges 
in Italy known as 11 La Nebbia,” due to the fungus Pleospora 
hetperidearum Catt, are quite distinct from the Black Spot dis¬ 
ease of Oranges found in New South Wales, due to Phoma 
citricarpa McAlpine. 

He states that the disease has not been met with in Victorian 
orchards. 

Me Alpine's description of the fungus is as follows: Phoma 
citricarpa , n.sp.—“ Spots dark brown, at first whitish or greyish 
towards centre, but may ultimately become of one uniform 
oolour, round, sunken, solitary or confluent, varying in site from 
1 mm. to 6 mm., and, when confluent, forming large irregular 
patches (}in. or more).” 

“ Hyphis permeating rind, hyaline, septate, branched, 4-6|/a 
broad." 

44 Perithecia, solitary or in groups, somewhat circularly 
arranged, minute, black, but dark brown by transmitted light, 
punotiform, globular, erumpent; pore about 20/a diameter, 
although it may be somewhat elliptical, 100-120/a diameter. 
Spondee hyaline, somewhat variable in shape,' elliptical to ovate 
or even pear-shaped, with conspicuous granular contents, 8-11 x 
4|-8/a, average 9} x 6 |/a. (Stained a light green by potassium- 
iodide-iodine); faaaidia hyaline, slender, about 6/a long." 

44 On ripe or still green Oranges, Lemons, and Mandarins, 
winter, spring, and summer, New South Wales." 

* For this information, I am indebted to Mr. 0. C. Brifctkbank, Plant 
Pathologist to the Department of Agriculture, Victoria. 




870 


LIFE-HISTORY OF PHOMA C1TRICARFA, 


“The round, sunken, conspicuous spots are generally of a 
ruddy-brown tint, and paler in the centre where the pustules are 
seated.” 

“ This is a distinctive species in the small size of the perithecia, 
as well as in the size and shape of the sporules.” 

N. A. Cobb(fl), in 1904, described some attempts to germinate 
the spores of Phoma citrtcarjm. He states that - ** The spores 
of this disease do not germinate under the laboratory conditions 
ordinarily brought to bear in their examination, and, in this 
respect, they differ from most spores found in connection with 
prevalent fungus diseases. The following observations, though 
they are inconclusive, are inserted here out of regard to the 
rarity with which I have observed these spores to germinate. . . . 
Spores of this fungus were ringed in a small supply of water and 
numerous air-bubbles. After twenty-four hours, the spores had 
failed to germinate in those parts where they were completely 
surrounded with water. Spores located at the edges of air- 
bubbles where, on one side, they had access to air, each sent out 
into the air a single very fine unbranched mycelial thread about 
a one micromillimetre wide, though slightly wider at the free end. 
The mycelium was colourless, and so fine as, under the circum¬ 
stances, to preclude observation as to septa; none were seen. At 
the end of twenty-four hours, the length of these hyphse averaged 
several times the length of the spores.” 

General Symptoms of thb Disbase. 

The disease, which is now commonly known in New South 
Wales as Black Spot or Anthracnose of Citrus Fruit, appears as 
minute black spots upon the foliage throughout the year. Upon 
the fruit, it is seldom seen till the beginning of August. In 
September, particularly after hot westerly winds, it may quite 
suddenly make its appearance upon the fruit throughout an 
orchard. Dark brown, irregular spots first make their appear¬ 
ance upon the akin. The spots vary in size from one-eighth of 
an inch or less to half an inch or more in diameter. Later, these 
become depressed, and some may become confluent. The inner 
part of the spot next becomes of a light cream-colour, and some- 
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what parchment-like in texture. Shortly after, minute black 
pycnidia are formed beneath the surface; and, breaking through, 
form small irregular Assures or minute holes, at which points the 
spores are discharged through the necks of the pycnidia. 

The disease almost invariably makes its appearance on the 
sunny side of the tree, and upon that side only of the fruit which 
is exposed to the sun. So constantly is this the case, that, in 
an affected orange, it is almost always possible to draw an equa¬ 
torial line dividing the sunny from tho shaded side of the fruit, 
and, on the former side only, will black spots be found Even 
on the sunny side of tho tree, if the fruit is well shaded by 
foliage, it is seldom affected by the disease, even when exposed 
fruits around it are badly marked. 

That the rind has some principle that may inhibit tho growth 
of spores, is suggested by the incidence of the disease in the 
various varieties of citrus fruit. It is common on the orange 
(navel, valentia, siletta), it is found less frequently on the 
Emperor mandarins, and quite exceptionally upon the thorny 
mandarin. 

The infection of the fruit only upon one side of the tree sug¬ 
gests that it may be related to the prevailing wind, or to the 
effect of too much sunlight or heat upon the rind 

The development of the disease only upon the sunny side of 
the tree indicates that it is the sun, rather than the wind, that 
exerts an influence. 

To test the effect of diminishing the amount of sunlight fall¬ 
ing upon the trees, and to protect them from scorching winds, 
two trees in an orchard were completely covered-in with hessian 
in the form of a tent. They were covered in at the beginning 
of June, that is, at the commencement of the ripening period. 

The fruit on these trees did not show black spot on the fruit 
for two or three weeks after the uncovered ones, and then the 
spots developed very slowly, remaining a dull brown colour; and 
they did not pit the fruit to such an extent as fruit exposed to 
tiie weather. The spots upon uncovered fruit soon become black. 
The following season, two trees were protected from the sun by 
putting up a screen of hessian upon the sunny side only. Here 
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again, the disease was slower in developing upon the fruit, and 
the spots remained of a dull brown colour. Since dew would be 
just as heavy upon one side of the tree as another, its action, 
except in conjunction with the sun, may be left out of aocount. 
As regards the wind, the prevailing winds would tend to blow 
spores upon the east side of a tree in the Gosford district, where 
these observations were carried out; there is very seldom a north¬ 
west wind. 

The spores from infected leaves, falling upon the fruit, become 
uniformly distributed in the dew-dropB. This uniformity of dis¬ 
tribution is shown in the equidistant positions that the ripe 
spores take up, when introduced into hanging drops. 

From the foregoing considerations, it seems probable that the 
spores distributed on the surface of the fruit effect an entrance, 
with their germ-tubes, into the rind, when its natural inhibiting 
power, due to physical or chemical causes, has become impaired 
by exposure to the heat of the sun. 

Culture of thr Fungus. 

By successive transportation of groups of spores to sterile 
drops of water, isolated spores were obtained. These were trans¬ 
ferred to various culture-media, and pure cultures in Petri-dishes 
or test-tubes, were at length obtained. These were grown in an 
incubator at a temperature of 22°C. The media in which the 
fungus was most successfully cultivated were ordinary nutrient 
agar, glucose-agar, and agar impregnated with watery extract of 
orange-peel. The growth of the fungus upon each of these three 
media is very different. 

Upon ordinary nutrient agar, growth proceeds very slowly. 
Little patches of dark brown hypba arise, creep over the median, 
and penetrate it. But they seldom travel far from the site of 
inoculation, and, if several spores have been introduced into a 
Petri-dish, it is possible to obtain several isolated plants before 
the hyphe have become interlaced. 

Upon glucose-agar, the other extreme is reached. The plant 
grows so luxuriantly, that, in a test-tube, the agar quiokly 
becomes a carbonaceous-looking mass, filled with quantities of 
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dark brown hyphse; on the surface, aerial hyplite are bent up, 
covering the whole with a light grey mycelium (Plate Ixxxiv., 

flg.l). 

Upon agar impregnated with water-extract of orange-peel, an 
intermediate type of growth was obtained (Plate Ixxxiv., fig 2). 
The fungus grew well but not luxuriantly, and there was little 
production of aerial hyphee. 

In these cultures, pycnidi&l formation began after alwut seven 
days, and ripe spores were obtained after thirteen days; but, in 
the glucose-agar, where growth was luxuriant, spore-production 
was much delayed. 

Production of Pycnidia and Spokes. 

When grown upon a medium that is thoroughly moist, the spores 
that are formed in the pycnidia are expelled, and appear upon 
the ostiole in a mass. This mass is whitish in colour, viscid and 
semi-translucent. Usually it is globular, but it may take the 
form of a truncated cone. When placed in water, the spores do 
not readily separate from the mass. These spore-masses may be 
found in nature if the fruit is continually surrounded by a damp 
atmosphere. Much more generally, however, the spores are 
produced in pycnidia surrounded by a dry atmosphere. They 
do not then emerge till a drop of moisture falls upon the pycni- 
dium, whereupon they escape in a thin stream. Observed in a 
hanging drop, they are seen to separate and spread themselves 
at spaces almost equidistant from one another over the surface 
of the drop, as if they were mutually repellant; and no two 
spores are found to remain in juxtaposition. This separation is 
probably brought about by surface-tension. Normally, the pyc¬ 
nidia are produoed upon the peel of oranges, and the ostioles 
open at the surface. A surface-view of a pycnidium, with an 
ostiole in the centre, is shown in PI. lxxxv., fig.3. 

If, however, affected oranges be kept under a boll-jar, and 
remain free from attack by other fungi, they shrink somewhat, 
and the peel becomes banier. The mycelium of the fungus 
penetrates tbe whole of the pulp, which becomes black in colour, 
Bad pycnidia ere formed in abundance throughout the tissue. 
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The hyplite oven penetrate the outer coat of the testa of the 
seed, and pycnidia are there produced (PL lxxxv, fig.4). A 
somewhat similar phenomenon is observed when the fungus is 
grown upon an orange rind-extract agar-slope in a test-tube. At 
first, the mycelium grows near the surface, and pycnidia are 
produced there; but, later, the hyphte produce submerged pyc¬ 
nidia, which may eject their spores as spore-masses into the 
surroundiug medium; in these cases, the ostiolc appears to have 
no particular orientation. 

It is noteworthy that oranges affected with Phoma citricarpa 
and free from any other disease, if kept under a bell-jar, give off, 
in the course of several days, very little moisture; but if they 
arc attacked by Penicillinm italicum (to which attack they are 
peculiarly liable in the presence) of Phoma citricarpa ), a large 
quantity of moisture condenses upon the surface of the bell-jar 
in a few hours 

Structure of tub Mycelium. 

The mycelium exhibits much diversity. The extreme tips may 
he pointed or round, the hyphae being thin, hyaline, and almost 
devoid of septa. Further back, the hyphie become somewhat 
suddenly thicker, the septa become more numerous, and the 
colour is olive-green. In the older hyphae, the septa arfe very 
numerous, the colour is dark greenish-brown, and the contents of 
the cells granular; the cells may be oblong, or round, and often 
carry numerous, short, round, protuberances (PI. lxxxv, flg.fi; 
PI. lxxxvi, fig,6). 

Structure of the Spores. 

Two kinds of spore are produced. Both kinds may be pro. 
duced in a pycnidium or one kind only. They differ considerably 
in size. The large spores are those described by McAlpine, 
whose measurements, in regard to the size of these spores and 
the pycnidia, I can confirm. These spores are usually hyaline, 
with granular contents; they have, however, frequently a greenish 
hue. The cell-wall is very thin. They may have one or two 
nuclei, generally there are two, and these are placed opposite to 
one another adjacent to the cell-wall in the region midway 
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between the ends of the cell; frequently they are joined together 
by a narrow band which stains deeply with haamatoxylin. When 
the spore is about to germinate, the protoplasm becomes much 
vacuolated and the nuclei appear to fragment (PI. lxxxvi., fig.7) 

The second kind of spore, which has not tjeen previously de¬ 
scribed, is much smaller, measuring only 7*5 x 1*6/*. 

The extremities are usually slightly thicker than the middle, 
the spores being somewhat dumb-bell shaped. 

The spores have the following dimensions : 

L.-length, c .m centre-width. E. broadest end. 

Range : (L.) 6*0 - 9*3 x c. (1 *0 - 2*0) x E. 1 *3 x 2 Of*. 

Average: (L.) 7*5 x c. 1*3 x E. 1*6/*. 

A highly refringent granule is usually present at each end. 
Sometimes there are three or four granules present, or there may 
be none at all. The spores themselves occasionally have the form 
of simple rods, or they are moniliform or hourglass-shaped. If 
present, they are discharged from the pycnidia with the larger 
spores in the viscid masses previously referred to, or they may 
be discharged in a stream from a ripe pycnidium when moistened 
(PI. xc., fig.25). They do not separate from one another in the 
manner of the larger spores; indeed, they sometimes lie side by 
side like rouleaux of red blood-corpuscles (PI. lxxxvi., figs.8, 9). 

As I have not been able to induce these spores to germinate, 
or to determine their functions, I shall speak of them as “x” 
spores. 

The preaenoe of “x” spores in the pycnidia of various Sphtz- 
ropiidee is known in a few genera. 

P. A. Wolf(6), in describing Ascochyta hortorum , which was 
formerly known as Phoma $olani t states that, in the pycnidia, he 
finds typical conidia, 6-10 x 2*5-4 /a, together with “a second type 
of spore whioh is hyaline, continuous, frequently curved or 
hooked at one end, 14-17 x 2-2 5/4. These spores may occur in 
the pycnidium together with the pycnospores, or alone in other 

pycnidia.”.He continues, “ Morphologically, at least, they 

are identical with the atylospores of Nitschke in Diaporlhe, the 
11 IS ” spores of Diedicke in Phomop$i$ t the scolecospores of Spear, 
and the paraphyaes of Reddick in Fuiicoccum, the pycnidia! form 
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o! CytMportlla viticola. Only failure has thus far met the 
various attempts to germinate these bodies.” 

Germination of the Spores. 

The normal pycnospores do not germinate readily in water. 
After several days, a few may send out an attenuated hypha, 
which seldom develops branches, and soon ceases to grow. 

In a nutrient solution (containing ammonium nitrate, 1*0 gram; 
dihydrogen potassium phosphate, 0*5 gram; magnesium sulphate, 
0*26 gram; iron chloride, trace; cane sugar, 6*0 grams; water, 
100 cc.) the spores assumed a dark olive-green colour, and only 
a few commenced to germinate after several days. The hyphn 
produced were a very dark green colour; they appeared stunted 
and unable to elongate (PI. Ixxxvi., fig. 10). When a solution of 
equal parts of peptone-water and this solution was tried, ger¬ 
mination was somewhat better, but unsatisfactory. In an 
aqueous extract of orange-peel, however, the spores germinated 
freely. The rapidity with which the spores germinated in this 
medium appeared to depend largely on the age of the spore If 
placed in the solution immediately they were discharged from 
the pyonidium, the spores had produced a germ-tube in twelvo 
hours. If, however, the spores were three days old, they took 
several days to germinate; and, if much older, many of them 
failed to germinate at all. The germinating spore usually sends 
out a germ-tube from the side, but it may produce a germ-tube 
from one end, or from both ends simultaneously. The granules 
in the spore assume a greenish hue, and pass, for the most part, 
into the germ-tube. A septum may be produced in the germ- 
tube early, or the production of septa may be deferred (PI. Ixxxvi., 
fig, 11). The hyphn soon branch, their ends being at first round, 
and, immediately behind the tips, the cell-contents are usually 
highly granular (PI. Ixxxvi., fig. 12). 

By taking special precautions to prevent the hanging drop 
from drying up, and to have every part of the apparatus and 
inatruments used sterile, I have been able to follow the develop¬ 
ment of a spore in a hanging drop from the production of a germ- 
tube to the formation of a pyonidium by the mycelium, and the 



BY O. P. DAfctfBLL-BMlTtt. 


877 


discharge of spores from this pycnidium. Such a pycnidium is 
shown in PI. lxxxvii., fig. 13. A noticeable feature of the hyphee 
is the ease with which they anastomose. Anastomosis may occur 
in two ways. A branch from one hypha may grow out and fuse 
with another lying parallel or nearly parallel to the one from 
which the branch originated, or branches may arise from two 
adjacent hyphee, approach each other, meet, and fuse. Examples 
of this are seen in PI. lxxxvii., fig.13. The pycnidium here 
figured took a little over three weeks to form, and ultimately 
discharged “x” spores only. In other hanging drop cultures, 
where normal pycnospores have been discharged, they have never 
been observed to germinate, without transference to a fresh 
medium, the mycelium having apparently exhausted the medium 
upon which it was growing before the production of pycnidta. 

Development of tbi Ptcnidia. 

By means of cultures in hanging drops, and serial sections of 
cultures upon agar, it has been possible to follow the develop¬ 
ment of the pycnidia in detail. 

The beginning of pycnidia-formation consists in one or more 
adjacent hyphee producing lobulatod branches of much greater 
diameter than the ordinary hyphee (PI. lxxxvii., figs.14, Id). 
These lobulated branches stain rather more deeply with hema¬ 
toxylin than the ordi nary hyphee. The lobulated branches become 
greater in number and interwoven, and mauy septa develop (PI. 
lxxxviii., figs, 16,17). This leads to the formation of a Arm, com¬ 
pacted pseudoparenchyma; the protoplasm which lines the cell- 
walls contains numerous deeply-staining particles, and becomes 
especially distinct (PI. lxxxviii., flg.18). 

Soon, the parenchymatous body is distinguishable into outer 
layers of small, thick-walled, brownish cells; and an inner region 
of larger, thin-walled, parenchymatous cells. In the inner region, 
we, later, find groups of liyplue with thin lumina, and, in their 
place, arise, at a later date* the loculi of the pycnidta. 

In the transition-stage from parenchyma to hyphn, the walls 
of the parenchyma-cells frequently appear to be dissolved, and a 
mass of naked protoplasm, with deeply-staining grahules, is seen 
$M«Xix., Ag.19). 
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The following stages may be distinguished in the production 
of a pycnidium :— 

1. Production of lobulated hyphte, which become interwoven. 

2. Formation of a pseudo-jHirenchyma. 

3. Dissolution of cell-walls of the pseudo-parenchyma at certain 
foci, followed by formation of hyphte. 

4. Establishment of loculi at those foci, into which spores are 
a bs trie ted from the hyphie 

5. Gradual replacement of the pseudo-parenchyma by spore¬ 
bearing hyphre 

6. Shrinkage of the spore-bearing hyphie. 

7. Pycnidium completely full of spores borne upon attenuated 
stalks. 

The transition from pseudo-parenchyma to spore-bearing hyping 
is bIiowu in PI. lxxxix., figs.20, 21. A portion of the pseudo- 
parenchyma frequently lines the pycnidium until a late stage. 

In the nutural state, when growing upon the orange, the 
pycnidiaare generally unilocular (PI. xc., fig.22). But, in cultures 
upon oraugo-agar, they are frequently hi- or trilocular, in which 
case, the loculi arc surrounded by a common wall (PI. xc., fig.23) 

In bilocular pycnidia, portions of the inner parenchymatous 
tissue have become firm, and the groups of thin-walled hyphw 
have become separated. 

Pycnidia I formation has been briefly described in the case of 
Diplodia zere by Van der Bijl(7), and in the case of Photna 
lavatvlulm by W. B. Brierley(8). 

The origin of tho pycnidium by the interlacing of lobulated 
hyplue with the formation of a pseudo-parenchyma is very similar 
in Photna citricarpa and Ph, lavanduhe . The later stages in the 
development of the pycnidium of Ph . citricarpa resemble the 
description given of that of Diplodia zem . The marked visibility 
of the protoplasm lining the cells of the pseudo-parenchyma, and 
the disappearance of the cell-walls previous to the formation of 
hyphae, described in the case of Ph, citricarpa , is not mentioned 
by the authors quoted. 

The formation of hyphte from naked protoplasm is not un¬ 
known, as it occurs in the Myxomycetea, when the capillitinm, 
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consisting of a system of solid or of tubular threads, appears 
before the spores are formed. The capillitiutn has been described 
by Harper k Dodge(9), as originating in vAcuolar spaces in the 
cytoplasm, which elongate and take on the tubular form of young 
capillitial threads. They find that the capillitiuin is formed by 
the deposit of materials in the vacuoles from which the capillitml 
threads are formed; and that radiating threads run out from 
the larger granules, which are deposited by the process of intra- 
protoplasmic secretion. Those radiating fibrils suggest, rather 
strongly, that they are cytoplasmic streams which are bringing 
materials for the formation of the capillitial wall and its thick¬ 
enings, which are laid down as spirals, suggesting that the pro¬ 
cess is comparable with the ordinary process of colb wall forma¬ 
tion, but along internal plasma-membranes, rather than external. 

Development of the Sporks. 

The stalks bearing the normal spores arc unicellular, hyaline, 
and rich in protoplasmic contents, sometimes excessively so. 

Puraphyses have not been distinguished, though stalks vary 
much in length; and sometimes old stalks, or stalks upon which 
the spores have not developed, have the appearance of paraphyses. 
The spore develops as follows 

The stalk elongates, and the spore is abstricted from its end; 
at this stage, the spore is pear-shaped. The stalk is slightly cup- 
shaped at its extremity occasionally, and uui-nucleolate (PI. xc., 
fig.24). The spore increases in size, and becomes binucleolate; 
at the same time, the stalk shrinks to a mere thread. On their 
discharge, the spores may show no traces of their point of attach¬ 
ment; or each spore may have, still joined to it, a minute thread, 
fhe "x” spores develop by abstriction in concatenation from 
minute hyphas bordering the loculus of the pycnidium (PI. xc., 
flg.24). 

I am indebted to my assistant, Mr. W. A. Birmingham, for 
much careful work during the progress of this investigation. 

Summary. 

1. "Black Spot’* is a serious disease of Citrus fruits in New 
South Wales, due to the fungus Phoma eito*icarpa . 
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3. It develops only on the sunny side of trees, and upon the 
parts of the fruit exposed to sunlight. 

3. Phoma citricarjya produces two kinds of spores, normal 
pycnospores, and “x” spores. 

4. Normal pycnospores germinate readily in suitable media; 
it has not been possible to induce the “x” spores to germinate. 

5. The details of the formation of the pycnidia, and of the 
pycnospores have been worked out. 

6. Spraying with Bordeaux (6 - 4 - bO) followed up by spray¬ 
ings with weaker solutions, controls the disease. 

7. A study of the life-history of the fungus indicates that spray¬ 
ing need not commence till the fruit ia half grown. 
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EXPLANATION OF PLATES LXXXIV.-XC. 

Plate lxxxiv. 

Phoma ckricarpa 

Fig. 1.—Pure culture in gluoose-agar. The oulture grows very rapidly, 
produces numerous atirial hypbee, forming a gny-outoorad felt, but 
doe* not readily produce pycnidia. 

Fig.2.-—Pure oulture growing upon orange-rind-extract agar. The culture 
grows at a moderate rate, remains dark In colour, produces for 
aQrial hyphe, and forms pycnidia readily. 
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Plate lxxxv. 

Fig.8.— Surface-view of a pycnidimn, showing the osliole in the ooutre; 

( * 480). 

Fig.4.— Section of the testa of an orange-seed which has been penetrated 
by the hyphie of Phoma ritrirar/Mi, and in which two small pycnulia 
have been produced. 

Fig.5.—Young hyphie, showing elongated cell; ( x 480). 

Plate Ixxxvi. 

Fig.ft.—Old hyplue, showing dark brown-colon red cells, which are more or 
less circular, with numerous protuberances; ( x480). 

Fig.7-—Spores in various stages of growth : a, a young spore showing two 
nuclei; A, c t cf, spores about to germinate, showing vacuoles and 
fragments Btaining deeply with hwniatoxylin. 

Flg.8.—“x” spores arranged in rouleaux. 

Fig.ft.— 11 x 1 ' spores showing highly refringeut dots. 

Fig. 10.—Pyonospores germinating in nutrient solution, showing stunted 
hyplue with a tendency to bud; 1 x 480). 

Fig. 11.—pyonospores germinating normally in orange-rind-extract, show* 
ing germ-tubes, septa, and granular contents; ( x 480). 

Fig. 12.—Establishment of a myoelium from % germinating spore; ( x480). 

Plate lxxxvii. 

Fig. 18.—Formation of a pyonidium from the mycelium growing in a hang¬ 
ing drop. Tlie hyphie of the myoelium are bIiowii anastomosing by 
the union of adjacent branches or by the direct fusion of one hypha 
with another by a branch; ( x 480). 

Figs. 14, 15.—Formation of lobulated branches, first stages in the develop¬ 
ment of a pyonidium; (x 480). 

Plate Ixxxviii. 

Fig. 10.—Formation of lobulated branohes, first stages in the development 
of a pyonidium; ( x 480). 

Fig. 17.—Section through a young pyonidium, showing the development of 
septa in the lobulated branches, and the establishment of a pseudo- 
parenchyma; {x 480). 

Fig. 18,—Section through an older pyonidium, showing the protoplasm, 
with granular contents, lining the cell-walls of the pseudo-paren- 
ofayma; (x 480). 

Plate Ixxxix. 

Fig. 10.—Section through a pyonidium at a later stage showing dissolution 
of the cell-walls of the pseudo-parenchyma before the establishment 
of spore-bearing hyphie; (x 480). 
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Figs. 20, 21,—Portions of sections through a mature pyonidium, showing 
the outer layers of dark brown, thiok-wnlled oells, lined by the 
remains of the pseudo-parenchyma from which the spore-bearing 
iiyphue arise; (x 480). 


Plate xo. 

Fig.22.—Section through a pyonidium upon orange rind. The pyonidium 
contains mature spores. The slightly increased development of the 
outer layers of thiok-walled, brown cells just beneath the ruptured 
epidermis, is noticeable; (x480). 

Fig.23.— Section through a trflocular pyonidium grown upon orange-rind- 
extract agar. There is a common outer covering* and the loculi 
are separated by walls composed of fine hyphie; (x 120). 

Fig.24.— Section through a pyonidium in which “x” spores are being 
abstricted from fine hyphie; ( x 120). 

Fig.25.—Group of normal pycnospores and “x” spores discharged front a 
pycnidium; (x 480). 
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THE OCCURRENCE OF AN INVERTED JLYMENIUM 
IN AGARIVUS CAM PEST RIS. 

By G. P. lUttftKLfrHMiTiv, F.T.C. 

(Plates xci.xciii.) 

I*i 1917, some mushroom-growers, who were growing mush¬ 
rooms on A large scale in an old disused rail way* tunnel, brought 
to ine, for examination, a numlter of mushrooms that were un¬ 
saleable on account of their appearance. The mushrooms were 
grown upon large beds of manure, the making of which I had 
superintended. The manure was fairly moist, it was lightly 
compacted, and the average temperature was 22°C. Both the 
stipe and the cap of the specimens were somewhat tough. The 
cap was quite unusual in appearance. Instead of having the 
normal, comparatively smooth skin, its surface was broken by 
one or morn black protuberances, l*26 cm. or more in diameter, 
that looked like boils (Plate xci., tig.l). It was this appearance 
that spoilt the sale of the mushrooms. Samples of raushroofn- 
spawn from Sydney, from Adelaide, and from France, were grow¬ 
ing in the same tunnel, and providing normal mushrooms; it was 
only a particular sample of spawn imported from France that 
was giving rise to these abnormal specimens. A close inspection 
of the black protuberances showed that they were composed of 
sinuous, labyrinthiform gill-lamella (PI ixci., fig.2). They had 
the appearance of small inverted caps, but no appearance of a 
stipe could be found. Sections through the cap showed that 
these structures were quite separate from the normal hymenium, 
which was present on the undersurface of the cap (PI. xcii., fig.3). 

Sections for microscopical examination were prepared and 
stained. They showed that the structure of the hymenium on 
the undersurface of the cap was quite normal. 

Sections through the hymenium on the upper surface of the 
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cap, however, showed it to be quite abnormal in character (PI. 
xcii., flg.4). They showed that the “ gills ” had a most irregular 
outline, that they varied much in width, and that many of them 
were hollow. Spores in abundance were produced, both on the 
external surface of the gilts, and on the walls lining the internal 
cavities. These spores were produced upon enlarged cells, and 
borne upon sterigmata, as in the case of normal gills. While, 
however, the normal number of sterigmata is four, cells bearing 
only one, or only two sterigmata were found, as well as cells 
bearing the normal number of four (PI. xciii., flgs.5, 6, 7). Crops 
of mushrooms, showing the abnormal development above de¬ 
scribed, are not unknown. W. A. Smith, according to Wors- 
de)l(l), found, on more than one occasion, crops of mushrooms, 
every individual of which had an inverted cap on its surface. 
According to Worsdell, an inverted hymenium may arise (1) 
through the congenital formation of an inverted cap, or caps, 
from the earliest stage onwards on the upper surface of the 
primary cap; (2) through the formation of inverted caps by local 
invagination of the margin of the primary one. It is held, how¬ 
ever, that these two variations really represent the same pheno¬ 
menon, of which (1) represents the final and completed stage of 
(2) arising congenitally and isolated. 

In my specimens, no trace of the formation of inverted caps 
by local invagination could be found. Moreover careful examina¬ 
tion of mushrooms in the “ button "-stage showed, that these 
irregular gill-lamelln, on the upper surface of the cap, were in 
process of formation in the very earliest stages, and long before 
the velum had separated from the stipe (PI. xciii., fig.7). There 
can, therefore, be no question of invagination of the cap in these 
specimens. 

The question arises, what light, if any, does this inversion of 
the hymenium throw upon the phytogeny of the Agaricaoeaef Is 
it an expression of a partial reversion to an ancestral character! 

That certain spawn has particular characters peculiar to it, is 
the experience of professional mushroom-growers. In commer¬ 
cial practice, under the influence of the atmosphere and the heat 
of the manure-beds, the mycelium gets weaker and weaker, and 
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eventually perishes. “Virgin spawn ” obtained from the fields is, 
therefore, transferred to beds of manure, where it spreads and 
supplies the grower with a “frank spawn” for growing the edible 
mushroom. Rut “often twelve to fifteen kinds of virgin spawn 
as found in the fields or on heaps of refuse are discarded as use¬ 
less before a good strain is obtained” (9). That the production 
of inverted caps was a feature inherent in the spawn under dis¬ 
cussion, is shown by the fact that all mushrooms developed from 
it produced abnormal caps, whereas mushrooms produced from 
other spawn, under identical conditions, did not. 

This phenomenon, together with the characters of (he sporo- 
phores, lends support to the hypotheses that have been put 
forward as to the evolution of the cap, and as to the probable 
origin of the Agariraceae, which inay be stated briefly as follows: 
(a). Evolution of the cap 

1. The production of the horizontally extended, flattened cap 
form of fruit from an original, cyiiudric, dome-shaped form. 

2. The relegation of the liymenial tissue to the lower surface 
of the cap. 

3. The formation of “gills ” from the original pore or alveolar 
structure. 

(6). Evolution oj tfa Agaricaceiv 

The most primitive type of fructification is probably that of 
Okwarioi in which aeylindric or club-shaped branch is uniformly 
covered with hymenium, which extends down the stalk as well 
for some distance. 

“Oases in which the hymenium covers the whole of the upper 
exposed surface, in the form of a semi-alveolar structure, or 
lebyrinthiform gill-formation, are seen in TremeUa and Ahema- 
teUa 9 tod these plants pertain to the Protobasidio-Myoetes; the 
TremeilineiB have, according to Mai re’s classification, branched 
off laterally from the Auriculariacee, and it is from these latter 
that the Agaricacen and Polyporaceie have descended. 

In this connection, it is interesting to note that, in one of my 
specimens that was fairly large, but was obtained in the 41 button- 
stage” before rupture of the velum, the whole of the upper surface 
of the nap {I covered with sporegenous tissue (PI xciii., fig.9). 
68 
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Moreover, this sporogenous tissue is completely covered by a thyn 
membrane, so that there can be no qftestion of its having attained 
its position through invagination. 

The examination of these abnormal mushrooms, therefore, 
leads to the conclusion, that they represent a partial reversion to 
an ancestral character. One would hardly expect a complete 
reversion; and that it is only partial, is demonstrated by the 
manner in which the spores are borne. 

The discharge and disposal of the spores in the Agaric&cero, 
according to Buller(4), are brought about, as follows: — 

The special conidiophore, or basidium, usually bears four 
spores, which are discharged successively, and each spore becomes 
violently detached. The violent discharge of the spores prevents 
the adhesive spores from massing together, and from sticking 
fast to the gill-surface. At first, the spore is shot out horizon¬ 
tally; then, under the influence of gravity, it describes a sharp 
curve, and then falls vertically. The path described by the 
falling spore has been appropriately called a sporabola. After 
falling, under the influence of gravity, in the still air between 
the gilUamelhe till they reach the exterior, the spores are borne 
away by the breeze. Basidia, being four sterigmata with four 
spores attached, were found in my specimens in the inverted 
hymeniuin; and it is obvious that, if the spores were discharged 
in the normal way from the sterigmata and then started to fall 
under the action of gravity, they would not get free from the 
hymenium at all, but would fill up the spaces between the gills 

We have, therefore, a reversion to an ancestral condition so 
far as the macroscopic characters are concerned, with a retention 
of the modern condition so far as the microscopic characters are 
involved. 
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EXPLANATION OF PLATES XCI.-XCIII. 

Plate xoi. 

Fig. 1.—Abnormal mushroom, showing protuberances of the cap. At the 
bane of the stipe, two small “ buttons ” are seen. 

Fig.2.—Abnormal mushroom, showing hymenium on the surface of the 
oap. 

Plate xoii. 

Fig.3.—Section of the same. 

Fig.4.—Transverse section through the hymenium on the surface of the 
cap, showing the irregular character of the gills, and the large 
spaces in their interior; (x 120). 

Plate xoiii. 

Figs.5, 6 , 7. —Uasidia bearing varying numbers of sterigmata (4,2,1) from 
the hymenium in the surface of the oap; ( x 480). 

Fig.8.—Section of small "button” much enlarged, showing the formation 
of lens-shaped areas in the oap oontaining sporogenoua tissue before 
the separation of the velum. 

Fig.#.—Section of a large "button” (nat. size), showing sporogenoua tissue 
oovered with a membrane over the whole upper surface of the oap. 
The velum has not yet split. 
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Received during the period November 28th, 1917, 
to November 27th, 1918. 

(From the respective Societies, etc., unless otherwise mentioned. J 

Aeora. 

Geolowcal Survey of thk Gold Coast op W. Africa— 
Report for the Year 1916(1918). 

Adelaide. 

Dkpartmknt of Chemistry of South Australia — 

Bulletin, No.7(1917). 

Department or Forestry, University of Adelaide — 
Bulletin, No.6(1918). 

Department of Minks: Geolooical Survey op S. Australia — 
Annuel Report of the Government Geologist for 1916(1917). 
Review of Mining Operations in the State of South Aus¬ 
tralia during the Half-years ended December 31st, 1917, 
and June 30th, 1918, Nos.27-28(1918). 

Public Library, Museum, btc., of South Australia— 
Records of the 8.A. Museum, i., 1(1918). 

Report of the Board of Governors for 1916-17(1917). 

Royal Sooihtt of 8outh Australia - 
Transactions and Proceedings, and Report. xli.(1917) v 

Albany, K.T. 

Naw Yore Stats Library— 

Annual Report of the N. Y. State Muleuu. lxviii., 1914 
(1916). 
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Ana Arbor. 

Michigan Academy or Science— 

(Seventeenth uiul Eighteenth Annual Reports, 1915, 1916 
(1916). 

Baltimore. 

Johns Hopkins University— 

Hospital Bulletin, xxviii., 321, 322; xxix., 323-332(1917-18). 

Barcelona. 

Junta de Ciencikm Naturals de Barcelona— 

Musei Barcinonensis Sciential* urn Naturalium Opera. Series 
Biologico-Oceauographica, i. (1917) —Her. Botuuica, i -ii. 
(1917)—Sor. Geologies, i.(1918) — Her. Zoologies, xi.(1917). 

Baele. 

Natukfokschende Gusbllschaft in Basel— 

Verhahdlungen. xxviii.(1917). 

Berkeley, Oal. 

University of Califoknia— 

Publications..Botany, v., 12-14; vi., 15-16(1918). -Ento¬ 
mology, i. # 8; ii. (oomplete) [1917-18]. —Geology, x. 13, 18, 
20-28; xi., 1-2(1917-18).— Physiology, v., 3(1918).— 
ology, xvii., 13-16, 18; xviii., 2, 5-12, 15, 16 (1917-18). 
Five Reprints: (a) 11 Non-influence of Injections of pure 
Proteins,” Ac., by E. S., and C. L. A. Schmidt [Journ. 
Immunology, ii., No.4, June, 1917]. -(6) “Stability of 
Emulsions,” Ac., by I. 0. Hall [Journ. Pliys Cheui., xxi., 
No.8, Nov., 1917].—(c) 41 Note on the aerobic Culture of 
Anaerobes,” Ac., by L, J. Ellefson and 1.0. Hall [Science, 
N.S., xlvi, No. 1197, Dec., 1917J.—(rf) “Occurrence of a 
Positive Intracutaneous Reaction,” Ac., by F. P. Gay and 
A. J. Minaker [Journ. Ainer. Med. Assocn., Ixx., Jan, 
1918].—(s) “Automatic Water-Level for Arnold Steril¬ 
isers,” by I, 0. Hall [Journ. Bacteriology, iii. v No.l, Jan. 
1918]. 

Brisbane. 

Botanic Qabdkns, Brisbane— 

Botany Bulletin, No. xlx.(1918). 
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Department op Agriculture and Stock — 

Queensland Agricultural Journal, N.S. viii., 6; ix., 1-6; x., 
1-6(1917-18). 

Geological Survey op Queensland - 
Publications. Noa.265, 266, 268, 261, 262 (1917-18)—List 
of the Queensland Geological Survey Publications, 1879- 
1918(1918). 

Kotai, Society op Queensland — 

Proceedings, xxviii., xxix.(1916-17). 

Bimbos Aires. 

Socirdad Arckntina dk Ciencias Naturals*— 

“Physis.” i., 1, 6, 8(1912-15). 

Oalentta. 

Dirkctor op Fisheries, Bengal, Bihar, and Orissa— 

Two Heprints: (a) “Notes from the Bengal Fisheries Labo¬ 
ratory. No.4. Oestode Parasites of Hilsa,” by T. South- 
well and B. Prashad [Records of the Indian Museum, xv., 
Pt. ii., No.9, April, 1918]; (6) Methods of Asexual and 
Farthenogenetio Reproduction in Cestodes,” by T. South- 
well and P. Prashad [Journal of Parasitology, Vol, iv., 
March, 1918], 

Geological Survey op India — 

Memoirs, xlii., 2(1917). 

Pahsontologia Indica. N.S., Vol. iii., Mem. No.2(1917). 
Records, xlviii., 1-4; xlix., 1(1917-18). 

Oambrldge, Bngland. 

Cambridge Philosophical Society— 

Proceedings, xix., 2-4(1917-18). 

Oambrldge, Mass 

Museum or Comparative Zoology at Harvabd College — 
Annual Report of the Director, 1916-17(1917). 

Bulletin, liv.,5; lvii., 5; Ixi., !3-15,T.p do.; Ixii., 1-6(1917-18). 

Caps Town. 

Royal Society or South Africa— 

Transactions, vi., 2-4; vii., 1-2(1918). 
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Sooth African Association for the Advanckhknt of 
Scikncr— 

South African Journal of Science, xiii, 11, T.pJic.; xiv., 
2-12, T.p &c.(1917-18). 

South African Museum— 

Annals, ix., 7; xi., T.p.Ac.; xii., 5; xiv., 3; xv., T.p.itc.; xvii., 
2-3(1917-18). 

Report for the year 1917(1918). 

Cincinnati, Ohio. 

Cincinnati Society of Natural History - 
Journal, xxii., 2(1917). 

Cold Spring Harbour. 

Deft, of Experimental Evolution op the Carnegie Insti¬ 
tution of Washington - 

Annual Report of the Director for 1917 [Reprint from Year 
Book No.16 for 1917]. 

Colombo, Ooylon. 

Colombo Museum— 

Hpolia Zeylanica. x., No.39; xi., No.40(1917-18). 

Oolumbua, Ohio. 

'Ohio Acad. Soi. and Biological Club of the Ohio State 
University — , 

Ohio Journal of Scionce. xviii., 1-7(1917-18). 

Ohio State University— 

University Bulletin, xxii., 11(1917). 

Copenhagen. 

Aoademie Royalk des Sciences et dm Letters de Danr- 

MARK— 

Biologiske Meddelelser. i., 1-2(1917). 

Bulletin. 1916, 4-6, T.p. Jsc.j 1917, Januar-Juni( 1916-17). 

Deoatur, SI. 

Ambbioan Microscopical Society— 

Transactions, xxxvi., 2-4; xxxvii., 2-3(1917-18). 
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Edinburgh. 

Koyal Physical Society ok Edinburgh— 

Proceeding*, xx , 3(1917). 

Royal Society of Edinburgh— 

Proceedings, xxxviii., 1(1918). 

Oenm. 

Socibtk dk Physique et d’Histoirr Naturkllk pbGenbvr— 
Gompte Rendu, xxxiii., xxxiv., xxxv., 1-2(1917-18). 
Mlmoires. xxxviii., 6, T.p.<tc.(1916). 

Ginneken (Holland). 

iNSTITUUT voon Phytopatholooie t* Ginnbkkn — 

Naandijst dor in de lelineuinunen-Collectie van liet Rijk 
aanwezigo Genera en Species dor Familie Ickneumonidie, 
door G. A. L. Sraits vau Burg«t (n.d.). 

Hague. 

Nedbklandschb Entomologische Vekerniging— 

Entomologische Berichten. iv., Nos. 91-96, T.p.&c.(1916-17). 

Hobart. 

Department of Mines— 

Geological Survey Bulletins. Nou.26-27(1918). 

Geological Survey: Miueral Resources, No.5(19l7). 

Field Naturalists' Club of Tasmania— 

“ Easter Gamp out, 1918: General Report, Botanical Notes, 
Geological Notes'’(1918). 

Royal Society of Tasmania— 

Papers and Proceedings, 1917(1918). 

Honolulu, T.H. 

Bernice Fauahi Bishop Museum— 

Memoirs, iv,, 3, T.p.<fec.; vii., 1(1917-16). 

Indlanopolla, Znd. 

Indiana Academy of Scibxceb— 

Proceedings, 1915(1916). 

La Fayetto, Ind. 

Purdue University Agricultural Experiment Station — 
Bulletin. Vol. xx., Nos. 201-205 (1917).-Oiwuiar No. 75 
(1917). 



DONATIONS AND feJCCttANGfcS. 


893 


LtTtrpool. 

Liverpool Biological Society- 

Proceedings and Transactions xxxi.(1917). 

London. 

Board of Agriculture and Fisheries— 

Journal of the Board of Agriculture, xxiv, 7-12, xx\ , 1-5 
(1917-18). 

British Museum (Natural History)— 

Guides; Economic Scries, Nos. 3-7 (1916-17). — Fly- and 
M osqu i to- Postere. - [ War- Li torntu re] 

Geological Society— 

Quarterly Journal, lxxii., 3-4; Ixxiii., 1-2(1917-18). 

Linnean Society— 

Journal, /iotany , xliv., No.296(1917). 

List of the Society, 1917-18(1917). 

Proceedings, 129th Session, 1916-17(1917) 

Boyal Botanic Gardens, Kbw-— 

Bulletin of Miscellaneous Information, 1917(1917). 

Royal Microscopical Society— 

Journal. 1917,5-6; 1918, 1-2(1917-18). 

Boyal Society— 

Philosophical Transactions. Series B. ccviii., Nos.B 355-357 
(1917-18). 

Proceedings. Series B, xc., Nos.B 623-628(1917-18). 
'Zoological Society— 

Abstract of Proceedings. Nos.*72-183(1917-18). 

Lyon*. 

Sooietk Botaniqub db Lyo 
Annates. xxxix,(1916). 

Madrid. 

Beal Sooiedad Ksfanola db Hietoeia Natural— 

■ Boletin, xvii., 8-10, T.p.4c.j xviii., 1-6(1917-18). 

Memoriae, x„ 9-10; xi., 1(1918). 
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Manchester. 

Manchester Literary and Philosophical Society— 
Memoirs and Proceedings, lxi,, 2-3, T.p.<kc.(1918). 
University of Manchester • Manchester Museum— 
Publications of the Manchester Museum. Nos.80-81(19J7). 

Manila, P.I. 

Bureau of Forestry : Dept, of the Interior - 
Annual Report of the Director for tbe year 1917(1918). 
Bureau of Science of the Government of the Philippine 

IBLANDS— 

Philippine Journal of Science. Section A, xii., 2-6; xiii., 1-3 
—Sec. B, xii, 5-6; xiii., 1-5 — Sec. 0, xii, 3-6; xiii, 1-4— 
Sec. D, xii., 4-6; xiii., 1-5(1917 18). 

Contents and Index of Vols. i.-x„ 1906-16(1917). 

Marseilles 

Muses d'Histoihe Naturblle de Marseille— 

Annales. T.xiii.(1914); xv.(1915-16). 

Massachusetts. 

Tufts College— 

Tufts College Studies (Scientific Series), iv., 5(1917). 

Melbourne. 

Australasian Journal of Pharmacy— Vols xxxii., 384; 

xxxiii., 385-395(1917-18). From the Publisher. 
Commonwealth of Australia : Advisory Council of Science 
and Industry— 

Report of the Executive Committee for the Year ended 
June 30th, 1918(1918). 

Commonwealth of Australia: Deft, of Trade and Customs— 
Fisheries: Biological Results of the Fishing Experiments 
carried on by the F.I.S. “ Endeavour," 1909*14. Vol. iv., 
Parts 5-6; v., 1(1918). [Received through the Australian 
Museum, Sydney}. 

Commonwxalth Bureau of Census and Statistics— 
Official Year Book of the Commonwealth of Australia. No. 
10(1917). 
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Pocket Compendium of Australian Statistics, 1918(1918) 
Department or Agriculture or Victoria— 

Journal, xv., 12; xvi., 1-11(1917-18). 

Report of the Council of Agricultural Education, and of 
Dookie and Longerenong Agricultural Colleges (1918). 
Field Naturalists' Club or Victoria— 

11 Victorian Naturalist.” xxxiv., 8-12; xxxv., 1-7(1917-18). 
Public Library, Museums, Ac., or Victoria— 

Report of the Trustees for 1917(1918). 

Royal Australasian Ornithologists' Union-- 
“'Hie Emu,” xvii., 3-4; xviii., 1-2(1918), 

Royal Society or Victoria— 

Proceedings. New Series, xxx., 2(1918). 

University or Melbourne— 

Calendar. 1918(1917). 

MmeIoo 

Instituto Qeolooico de Mexico— 

Anales. Nos. ii.-iii.(l 917-1 8) 
lioletin. Ntlrn.36(1918). 

Modena. 

La Nuova Notarisia— From the Editor, l)r. G.B.De Tom 
Herie xxix., Gennaio, 1918(1918). 

Monaco. 

MuBEE OCEANOGHAPHIQUB DE MONACO— 

Bulletin. Nos.326-339(1917 18). 

Naatsa 

Societedes Sciences Natukellrsdkl'Ousst ok la France - 
Bulletin, 8"".S6rie, iv,, 1-4, T.p.«!cc.(1914). 

New Hr von, Omul 

Connecticut Academy or Ahts and Sciences— 
Transactions, xxi., T.p.Ac.; xxii., pp.249-267, T.p.Ac.( 1918). 

New York. 

American Geographical Society— 

Geographical Review, iv., 6-6; v., 1-6; vl, 1-3(1917*18). 
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American Museum of Natural History— 

Bibliography of Fishes, by B. Dean, enlarged and edited by 
C. R. Eastman. Vol ii.( 1917). 

New York Aoadxmy of Scirnoeb— 

Annals, xxvii., pp.216-243(1917). 

Ottawa- 

Qrolouical Survey of Canada— 

Map of Whiteburn Gold District, N.S. (Ptibln No., 1690) 
[1917). 

Memoirs. Nos.95, 99-103(1917-18). 

Museum Bulletin, No 27(1918). 

Pavta 

“Journal do Concbyliologie.” lxiii., 2-4(1917-18). 

Museum d’Histoirb Naturellk ds Paris— 

Bulletin, xl., 7, T.p.tfcc.: xli., 1-7, T.p.&e.; xlii., 1-8, T.p.&c.; 
xlii., 1:1914-17(1914-17). 

8ocirts Entomologies db Franob— 

Bulletin, 1917, 16-21, Tp.Jsc.; 1918, 5-14(1917-18). 

SOOIETB ZOOLOGIQUB DK FRANCE— 

Bulletin, xxxix; xl., 1-10,T.p.«fee.: xli. l-10,T.p.Jec.( 1914-16). 

Pavla. 

ISTITUTO BOTAVIOO DELL’ tt. U.NIVHR8ITA DI PAVIA - 
Atti. ii. Serie. Vol. xv., 1(1918). 

Perth, W.A. 

Geological Survey of Wbst Australia— 

Bulletiu, Nos.71 (Text and Atlas), 73, 74, 76(1917). 
Govrrnmbmt Statistician, Wbst Australia— ’ 

Quarterly Statistical Abstract. Nos.207-211 (1917-18). 

Philadelphia. 

Aoadbmy of Natural Soibncbb— 

Proceedings. Ixix., 1-i; Ixx., 1(1917-18). 

Entomological News, and Proceedings of the Entomological 
Section of the Academy of Natural Sciences, xxix., 1 

<ww>. 
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American Philosophical 8ocikty— 

Proceedings, Ivi, 1-7, List, T.p.&e.; lvii., 3-4(1917-18). 

Zoological Society of Philadelphia — 

Forty-sixth Annual Report of the Board of Directors, April, 
1918(1918). 

Plymouth. 

Marine Biological Association of the United Kingdom— 

Journal. N.8. xi., 3 4(1917-18). 

Puaa, India. 

Agricultural Research Institute— 

Memoirs of the Department of Agriculture in India.— Bac¬ 
teriological Series, i., 7(1917).— Botanical Set it*, ix., 2 
(1917). - Entomological Series, v ,4(1917).—Bulletin, Nos. 
72, 76,77(1917-18).—Report of the Agricultural Research 
Institute and College, Push, 1916-17(1917).—Report on 
the Progress of Agriculture iu India for 1916-17(1918).— 
Report of Proceedings of Second Entomological Meeting, 
February, 1917(1917). 

Richmond, N.8.W, 

Hawkesburt Agricultural College— 

H. A. 0. Journal, xiv., 12; xv., 1-11(1917-18). 

Rio do Janeiro. 

Kboola Superior de Agricultura r Medicina Veterinaria— 

Arehivos. I., 1(1917), 

ImmiiTO Oiwaldo Cruz— 

Memorias. viii., 2-8; iz., 1(1917-18)- 

Rlyomdo, Oal. 

Ora duate School of Tropical Agriculture, ano Citrus 
Experiment Station (College of Agriculture, Uni¬ 
versity of California)— 

Publioatiohs. Vols. i.-ii.(10 Nos.)—Bulletin No.2SS, College 
of Agriculture, Agricultural Experiment Station,' Uni- 
vptsity of Cnlifornia Publications (1912). 
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San Pranolsoo. 

California Academy of Natural Sciences— 

Proceedings. Fourtli Series, ii., Pt. i., No.ll; Pt. ii., No. 12; 
T.p. of Vols. iv.-v.j vi., 8-9, T.p.Ac.; vii., 1-13; viii., 1-4 
(1917-18). 

Sandal, Japan. 

Tohoku Imperial University— 

Science Reports. Second Series (Geology), iii, 2, T.p.Ac.; 
iv., 3; v., 1(1918). 

Stockholm. 

Entomolooiska Foreningen i Stockholm - 
Entomologisk Tidskrift xxxviii, 1-4(1917). 

Sydney. 

Australasian Antarctic Expedition, 1911-14— 

Scientific Reports. Series C: Zoology and Botany. Vols. 

iii. , 2; iv., 3; v., 2-6; vi., 1 (1918). [Received through the 
University of Sydney]. 

Australian Museum • 

Annual Report, 1916-17(1917) 

Records, xii., 1-6(1917-18). 

Botanic Gardens and Domains, Sydney— 

Annual Report for 1916(1918). 

Flora of the Northern Territory. By A. J. Ewart and O. 
B. Davies. With Appendices by J. H. Maiden, A. A. 
Hamilton, and E. Oheel. (Melbourne, 1917) 

Critical Revision of the Genus Eucalyptus, iii., T.p.Ac.; 

iv. , 3-5 (1917-18). By J. H. Maiden, Government 
Botanist, Ac. 

Bureau or Statistics— 

Official Year Book of New Sooth Wales, 1916, Nos. 17-20; 
1917, Nos.l-16(1917-18). 

Chief Secretary's Department : Fisheries— 

Report on the Fisheries of New South Wales for the Year 
1917(1916). 
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Department op Agriculture, N.S.W.— 

Agricultural Gazette of New South WaleB. xxviii,, l2,T.p. 
<fcc.;xxix., 1-11( 1917-18).—Science Bulletin. No.lS(19l8). 

Dkpahtubnt of Public Hkalth- 
lleport of the Director General for the year 1916(1918). 

Education Department— 

Education Gazette of New South Wales, xi, 12;xii, 1-11 
and two Suppleineuts(1917-18). 

Education Department : Teachers’ Collkok — 

Records of the Eduction Society. Nos.28, 31-34, 36, 38 
(1917-18). 

Education Dkpartmbnt: Technical Education Branch— 
Annual Report, 1916(1917). 

Technical Gazette of New South Wales, vii, 2; viii., 1 
(1917-18). 

Forestry Commission of New South Wales— 

Australian Forestry Journal, i., 1-4(1918). 

Bulletin. No.l3(Aug., 1918). 

Maiden’s “Forest Flora of New South Wales." vii.,2( 1918). 
Report, 1916-17(1918). 

“Sylviculture.” Chapter i.(1918). 

Microscopical Socikty of New South Wales— 

Rules, Ac.(l918). 

New South Wales Naturalists’ Society— 

“Australian Naturalist," iii., 16; iv., 2-4(1917-18). 

Royal Socikty of New South Walks— 

Journal and Proceedings, li., 1917 (1918).— Presidential 
Address by Dr. J. B. Cleland, May 1st, 1918(1918). 

Royal Zoological Sooibty of Nrw South Wales - 

“Australian Zoologist.” i., 4-6(1917-18). 

“Scientific Austbalian,” xxiii., 2-4; xxiv., 1(1917-18). From 
the Publiahtri (Bishop Bros.). 

University or Sydnsy— 

Calendar, 1918(1918). 
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Tsiboku. 

Bureau of Productive Industries, Government or Formosa, 
Japan - 

leones Plan tar um Forinosanarnm. Vol. vii.( 1918). 

Tokyo. 

College of Science, Imperial University of Tokyo— 
Journal, xxxvii., 9-10, T.p.&c ; xxxviii, 6, T p.&e.; xxxix., 
7 8; e 1., 1-6, 8; xli., 1-3(1917-18). 

Tokyo Zoological Society— 

Annotations Znologicm Japonenses. ix., 4(1918). 

Toronto. 

Royal Canadian Institute— 

Transactions, xi., *2, T.j>.A’i\( 1917), 

Townavilla. 

Australian Institute of Tropical Medicine— 

Collected Papers, No.2(1917). 

Tring, Herts 
Zoological Museum— 

Novitates Zoologicte. xxiv,, 3(1917). 

Tonis. 

Institut Pasteur de Tunis— 

Archives. T. x., 3(1918). 

Urban*, HI. 

University of Illinois - 

Illinois Biological Monographs, iii., 2-4, T.p.&o.( 1916-17). 
Lnt of Books and Articles published by the Corps of In¬ 
struction, University of Illinois, May, l91S-April, 1916 
(n.d.). 

Washington, D.O. 

Bureau of American Ethnolooy— 

Bulletin. Nos.63, 66(1917-18). 

Carneqib Institute of Washington— 

Department of Experimental Evolution: Annual Report of 
the Direotor, 1917 [Reprint from the Year Book, No.ari.J 
(1917). 
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Dkpaktmrnt or Commerce : U. 8. Coast and Geodetic 
Sdrviv— 

Hypsometry: "Use of mean Sea-level as the Datum for 
Elevations.” By E. Lester Jones. [Serial No.60: Special 
Publication No.41](1918). 

National Academy of Sciences— 

Proceedings, iii., 11-12; iv., 1-9(191718). 

U. S. Department op Agriculture— 

Bulletin. Nos 480, 491. 535, 510, 604, 571, 598, 009, 616, 
640, 04.1, 645, 617, 671, 689, 707, 723, 731(1917-18). 

Entomological Reprints (13) from the Journal of Agricul¬ 
tural Research, xi., 3, 8; xii., 2, 5, 9; xiii., l(two), 3, 11; 
xiv„ 2, 3, 5, 9(1917-18). 

Separate, No.747 : "A wasted Sugar-Supply,” by E. F 
Phillips [Year Book, I9l7j. 

Year Book,1917(1918) 

U. 8. National Museum 

Bulletin. Nos.71 Pt. vi., 98,99 I't. i., 100 Vol. i., Pts. i.-iii., 
101, 102 Pts i.-iii., vi., 104 Pt. 1.(1917 18). 

Contributions from the U. S, National Herbarium. T.p.ttc, 
of Yol. xviii.(1914-17); xx., 3(1918). 

Proceedings. Ii.-liii.(19l7). 

Report for Year ending June 30th, 1916(1917). 

WDlUagton, N.Z. 

Dnpaetment or Minkb: New Zealand Geological Survey— 

Bulletin. N.8. Noe. 19-20( 1918). 

Paleontological Bulletin. No.6(1917). 

New Zealand Board or Science and Art— 

Bulletin, No.l(l918). 

N.Z. Journal of Science and Technology, i., 1 4(1918). 

New Zealand Institute — 

Transactions and Proceedings, xlix., 1., 1916-17(1917-18). 



902 


DONATIONS AND EXCHANGES. 


private donors (and authors, unless otherwise stated). 

JiNiT, 0., Paris. -Four Pamphlets: (a) “L/Altemance Sporo- 
phyto-Gamdtophytique de Generations ches les Algues” 
(Limoges; 1914).—(6) “ Documents sur la Guerre, Bulletin 
d’informal.ion public par la Chambrede Commerce de Paris," 
Nos.20, 21 (1915). —-(c) “Note preiiminaire sur I’Oeuf du 
Volvox globator” (Limoges, 1914), 

Meyrick, £., B.A, F.R.H., Marlborough, England —“ Exotic 
Microlepidoptera." Vol. ii., 1-5(1916-18). 

Robkrtson, Professor T. Brailsfokd, University of California, 
Berkeley—Two Reprints: (a) “ The Strategics of Scientific 
Investigation” [Scientific Monthly, Dec. 191%]; ( b ) "The 
Utilisation of Patents for the Promotion of Research ” 
[Univ. of California Chronicle, Vol. xix., No.4]. 

Smith, R. Gusto, D.So., Sydney (donor)—Report of the Dove 
Marine lAboratory, Cullercoats, Cumberland, 1916-17 
(1917); Pamphlet: “ Agriculture in Japan," by Professor 
Koide (Sydney, 1918). 

V bitch, R., B.Sc., F.E.8., Fiji—Agricultural Report No.3, of 
the Colonial Sugar-Refining Company, Ltd., Fiji ["The 
Cane Beetle Borer in Australia’’] (Sydney, 1917). 

Waters, A. W., F.L.S., F.G.S., Bournemouth—One Reprint: 
"Some Collections of the Littoral Marine Fauna of the Cape 
Verde Islands, Ac.—Bryozoa” [Journ. Linn. Soc., Zoology, 
xxxv., May, 1918]. 


[Printed off, March 81st, 1919.] 



insriDEx. 

(1918.) 

(a)GENERAL INDEX. 


Address, Presidential, March 27th, 
1918, 1. 

Agaric, blowflies bred from, ex¬ 
hibited, 416. 

Agarlcus, Inverted Uynienlum In. 
883, 

Alder-flies, descriptions of Aus¬ 
tralian, 810. 

Alg», new and rare freshwater. 
497. 

Angophorus, shoot-bearing tumours 
of, 191. 

Apparatus. whig-coupling of Lepl- 
doptera. etc., 284 - External 

breathing-, of larvtr of Miiscold 
flies, 658. 

Arcella, seasonal distribution of, 
237. 

Armistice, and the cessation of 
war, 712. 

Australia, Lower Mesozoic Rocks 
of, 37—Carboniferous Trllobltes 
of, 437—Proposed “miniature" 
on Pulbah Island, 416, 495. 

Australian Alderflles, 819—Colcop- 
tera, 673—Cullcldte, 826—Mecop- 
tern, 395—Megalopteru, 819— 
Neuroptera, No. 5, 116; No. 6, 
780; No. 7, 787—Sawflles. 668. 

Balance Sheet, etc., 1917, 30. 

Bankela, peculiar roots of, exhibit¬ 
ed, 835. 

Beane, 8oy, seeds of, exhibited, 
611, 

Beetles, introduced, of economic 
Importance, exhibited. 361. 

Benson, W. N„ Geology and Petro¬ 
logy of the Great Serpentine Belt 
of N.S. Wales. Pt. vlL, The 
Geology of the Loomberah Dis¬ 
trict and a portion of the Goonoo 
Goonoo Estate. With two Fa- 
heontotoglcal Appendlcea by F. 
Chapman, 380, 381— Pt. rlU., 


The Extension of lhe Groat Scr- 
IKnitlnc Bolt from the Nundlc 
District to (he Const, 593. 

“Illitck'' Sjstl of ('llms fruits. 868. 

Blowflies, bred from an Agaric, ex 
hibtted, 415. 

Braehyscelbl gulls, exhibited, 361, 
416. 

Bramble, cut-loin wl, exhibited, 235. 

Breathlng-npiHiratus, external, of 
lurvtc of Musculd flies, 658. 

Bret mil I, It. IV., welcomed on bis 
return from the War, 415. 

Itrotherus, V. F., and W. W. Watts, 
The Mosses of X. Queensland, 
544. 


Caddlsflles. Canadian, exhibited, 
612. 

Calllstemon fruits showing de¬ 
layed dehiscence, exhibited, 713. 

Ciunlmge, K. 11, Notes on the 
Native Flora of N.8. Wales. Pt. 
x., The Federal Capital Terri¬ 
tory, 673. 

Campbell, J. II., lion. Treasurer's 
Financial Statement, nml Bal¬ 
ance 8heet, 30, 31 Re-elected 
Hon. Treasurer. 135. 

Canada, Lepldoptern. Caddlsflles, 
and Larewlngs from, exhibited, 
611, 612. 

Carboniferous insects, affinities of, 
123—'Trllobltes of Australia, 437. 

chartetn, Note on a new species 
of, 392. 

Chapman, F., Devonian Foramlnl- 
fera, Taniworth District, N.8.W., 
385—Note on n new sjiecles of 
Chartctci, 392. 

--, H. (1., Presidential 

Address, l—dec Exhibits. 

('heel, E., are Exhibits. 



n. 


INDEX. 


ChorUta auttrali #, wing-venation 
of. 395. 

Citrus fruits, Black Spot of. 80S. 

Clelnnd, J. B., remarks on a Little 
Penguin seen tn Neutral Bay, 
495 —Bee Exhibits. 

Climbing Plants, stems of. 600. 

foal-seam, fossil Insect-wing from 
roof of. 260. 

“Cobblers* Pegs’* ( Eripcrnn ). two 
forms of, exhibited, 610, 

Coleoptera, descriptions of new 
Species, 715. 

Collins, Miss M. I.. On the lenf- 
nnatoray of Bcaevola cra**ifoUa. 
with special reference tn the 
Epidermal Secretion, 247. 

fommentry. affinities of fossil in¬ 
sects from, 123. 

Complex. Pnnorpold. introduction. 
265; Pt. I., 286; Pt. 11. 626. 

Copepod, origin of yolk in the ova 
of a. 136. 

Correlation of Lower Mesozoic 
Rocks of Australia. 37. 

Cubitus, structure of. in wings of 
Myrmeleontidie, 118. 

fulicidm, contribution* to a know¬ 
ledge of, 826, 

Dehiscence, delayed, of Palliate- 
mon-fruits, 712. 

Devonian Fomm Ini fern, 385. 

Distribution of Txnver Mesozoic 
Rocks of Queensland, 37 -flea- 
sonal, of Amelia, 237. 

Dodd. F. P., elected a Member, 416. 

Donations and Exchanges, 36. 135, 
234, 285. 362, 416, 495. 610, 713. 

Dragonfly, sections of caudal gills 
ot exhibited. 495—Large, picked 
up on the pavement, 612. 

Duck, abnormal gizzard of, ex¬ 
hibited, 361—Note on. 415. 

Dun, W. 8., re-elected a Vice-Pre¬ 
sident, 185. 

Dunstanildm. the family, 568. 

Echidna, Note on the temperature 
of. 844. 

Elections, 135, 363, 416. 

Electrical conductivity of milk. 
618. 


Epidermal secretion of Bcawola. 
247. 

11 Kpigraphie Mldioale,” exhibited, 
415. 

Eriffcron, two forms of, exhibited. 
610. 

Euca lypts. shoot-ben ring tumours 
of, 101. 

Eucalyptus, a new ftpwlcs or Form 
of. 747. 

Exhibits:— 

Chapman, B. C.„ samples of 
yeast 612. 

Cheel. E.. peculiar roots of 
JJakea, fiunktia, and tfrrrtl- 
tea; seedlings of Tephroata: 
two forms of OraUn eornini- 
Uita: cot-leaved or parsley¬ 
leaved hr&mble; Rom hmetmta: 
flowers of Btyphella tn hi flora 
varying in colour, 233-230— 
Two forms of “Cobblers’ 
Pegs”; seeds of Soy Beans. 

610-611 — Callintemon pachjh 
phplluM, showing delayed de¬ 
hiscence of the fruits. 712. 
Clelnnd. J. B., four Parts of 
Blanchard’a " Kpigraphie MAdi- 
cale”; blowflies bred from an 
Agaric, 415. 

Fletcher, ,T. J., Brachyscelld 

galls, 361—Plants, other than 
Eucnlypts and Angophoras 
with shoot-henring tumours. 
415 —Melaleuca Tkanti and 
Pttrophila 416—Water¬ 

storing Mallee-roots, and 
water therefrom, 496. 

Froggatt, .7, L., House-flies bred 
from rotten Uver, 361, 

-, W. W„ immature Spiny 

Stlck-Tnsect; grass infested 
with lama of a Cecldomyld 
fly, 234—Three introduced 
beetles of economic import¬ 
ance, 116—BraohysoeHd galls; 
a Californian, tyntpld gall; 
and an undetermined living 
snake, 416—An Indian wood- 
borer introduced In the wood 
of bo^ea, 610, 



tttDCX. 


iii. 


Exhibit*:— 

Hedley, C., photograph of the 
cenotaph In itiiMiiory of Major 
ami Mrs. limen, In the old 
church at Port Maui nark*. 236. 

Hull, A. F. H„ a collection of 
Laud ami Frank water Mol* 
lusks collected In France, 235. 

Steel, T., ail abnormal gizzard of 
a Muscovy duck, 301, 415. 

Tlllyurd, 1L J.. wing of fossil in¬ 
sect from C oal-wain, 301 - - 
Sections of the Snccold Caudal 
Gills of the larva of a Java- 
new Dragonfly, 405 Cimadliui 
LacewlUgs and Caddisflles; a 
large Dragonfly picked up on 
the ^lavement, 012. 

Turner, A. J M a collection ol' 
Canadian U'plduptcru, 611. 

-- F„ an acclimatised, 

Abyssinian grass, 834—An In¬ 
troduced, European Geranium, 
301—A rare New South Wales 
plant (ffMMiriN), 610 — 
A teratologlcal Hijeclmon of an 
Introduced Plantago, 713. 

Waite, E, It., the first Part of the 
lteeords of the S. A. Museum, 
236. 


Fat-content of milk, 613. 

Federal Capital Territory, flora of, 
673. 

Fellows, Uuueau*Macleay, sum¬ 
maries of year's work, 11-13. 

Fellowships, appoUitiueuts to, 13— 
Aunouuceineuts, 610, 713. 

Fletcher, J, J., $vv Exhibits. 

-— and C. T. Mussou, On cer¬ 
tain Shoot-bearing Tumours of 
Euealypts and Angophoras; ami 
their modifying lufiueuve on the 
natural Growth-habit of the 
manta, m. 

Files, House, bred from liver, ex¬ 
hibited 361—FUes, Muscoid, ex¬ 
ternal breathing-apparatus of 
larm at 636, 

Flora of Lower Mesozoic Bocks, 37 
—Of New South Wales, 673-Of 
Fedetii Capital Territory, 673. 


Foniinliiifera, Devonian, 383. 

France, molluscs from, exhibited, 
235. 

Froggnli. J. |,„ a study of the 
External Tlmithlng-appuratus of 
•he larva* of some Muscoid Files, 
63H Mr Exhibits. 

“ . W. W.. re-elected a Vlct 
President, 135 - - Kemarks on 
migrations of Mice, preyed upon 
by Marsupials, 361—Notes on 
Australian Sawfltcs (Tvtithrvdi’ 
nlduc). 668 .—tier Exhibits. 

Fruit, presened, springing of tins 
of, 400. 

(lull, (>nlpld, on Ll\e Oak, ex- 
hlblted. 416. 

(Jails, Tlrachyscelid, exhibited, 361, 
416. 

(ieolog> of the Uiwer Mesozoic 
Hocks of Queensland, 37 Of the 
(Jreat Scr|>oiit1iie llelt of N. H. 
Wales, 380, 363. 5U3 Of the 
lioomlici'uh District and n 
tIon of the Goouoo Gonnoo Es¬ 
tate. 320, 363. 

UvraniuiH mof/c, himh-Iiihmi of, ex¬ 
hibited, 361. 

Olllles, C. I)., elected a Member, 
135—On the Seasonal Distribu¬ 
tion of some Queens laud SpedeN 
of Arrrfto, 237. 

(Jills, secllon of Caudal, of Drag¬ 
onfly, exhibited, 403. 

(Jlzzard, abnormal, of n duck, ex¬ 
hibited, 361—Note on. 415. 

“Glow-worms,” remarks on, 236. 

Goldfinch, Lieut., 0., news of, 285 
- letter from, 712. 

Goonoo (loonoo Estate, geology of, 
320, 303. 

Grass. Abyssinian, exhibited, 234. 

Grass-fly. lurvie of, exhibited. 234. 

Grevlllea. peculiar roots of, ex¬ 
hibited, 235. 

Growth-habit of plants modified by 
shoot-bearing tumours, 191. 

Haket, peculiar roots of, exhibited, 

235 

Hall, On a new Sjiecles or Form 
of Eucalyptus, 747. 
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Halim Him. K. F., Muneun Mucleay 
Fellow iu Zoology: nummary of 
year's work, 11— Retirement, 11. 

Hamilton, A. U., elected a Vice* 
President, 135 -- Remarks on 
"( i low-worms," 2 36. 

Hedley, C.. elected a Vice-Presi¬ 
dent, 133 .—tive Exhibits. 

UnnipUru llctcroptrra, fossil, of 
Queensland, 568- -Note on the 
origin of the lluteropteru, 508 . 

liolmetaMu, phylogeny of, 205. 

Hopson, J M Jun»\, elected u Mem¬ 
ber, 416. 

Houseflies bred from liter, exhibit¬ 
ed, 361. 

Hull, A. F. 11., mt Exhibits. 

ilyuieuluui. Inverted, iu Agarlcus, 
883. 

India, wood-borer Introduced from, 
exhibited, 610. 

Innes, Major and Mrs., photograph 
of cenotaph iu memory of, ex¬ 
hibited, 236. 

inositol from an Australian plant, 
850. 

Insects, Carboniferous, from Cow- 
uientry, 123 -- iloloiuelabolous, 
phylogeny of, 263- -Mesozoic, of 
Queensland, 417, 568. 

insect-wing, fossil, from roof of 
coal-seam, 260. 

Johnston, H. J., congratulations to, 
135; thanks from, 234. 

Kesteveu, H, L., The Origin of Yolk 
in the Ova of an Kndoiwrasitlc 
Copepod, 136. 

Lacewings, Canadian, exhibited, 
612. 

Lambert, C. A., and J. Shirley, 
The Stems of Climbing Plants, 
600. 

Larvte of Mu scold flies, external 
breathing apparatus of, 658- 
Feeding m liver, 361. 

Lea, A. M., Descriptions of new 
Species of Australian Coleop- 
tera, xiv., 715. 

Leaf-anatomy of Sooevolu, 247. 


Lepidoptero, wing-coupling appa¬ 
ratus of. 286—Canadian, ex¬ 
hibited, 611. 

L'Kst range, \V. W., and It. G. 
Smith, The “Springing of Tins 
of Preserved Fruit, 400. 

Ufe-history of l*8yvhop*U ctegun*, 
787. 

Loomberuh District, geology of, 
320, 363. 

Macipmric, Lake, proposed "minia¬ 
ture Australia” at, 416, 405. 

Mullee, water-storing routs of. and 
water therefrom, exhibited, 406. 

Marsupials reported as preying on 
mice, 361. 

Mecoptera, studies lu, 305. 

MegaljOpterti, Australian. 810. 

Mvluhttva Droned, exhibited, 416. 

Mesozoic insects of Queensland, 
No. 3, 417; No. 4, 568. 

Mesozoic, Lower, Docks of Queens¬ 
land, 37. 

Methyl Uevo-luosltol from an Aus¬ 
tralian plant, 850. 

Mice, rqceut migrations of, report¬ 
ed, 361. 

Milk, relation Injtween fat-coutent 
and electrical conductivity of, 
613. 

Mitchell, J., The Carboniferous 
Trilobltes of Australia, 437. 

Mollusca from France, exhibited, 

235. 

Mosses of North Queensland, 544. 

Museum, South Australian, Re¬ 
cords of, exhibited, 236. 

Munson, C. T., and J. J. Fletcher, 
On certain Shoot-bearing Tum¬ 
ours of Eucalypts and Ango- 
phoras • and their modifying 
influence on the natural Growth- 
habit of the Plants, 191. 

Myrmeleontidtr, structure of cubi¬ 
tus in, 110. 

Neuroptera, studies in Australian, 
116, 750, 787. 

Neuropteroldea, phylogeny of, 265. 
New South Wales, Serpentine Belt 
of, 320, 363, 593-Notes on flora 
of, 678. j 
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V. 


Note ou a new species of Chart?ti% 
302—On the origin of the Hete- 
roptera, 568—On the tempera¬ 
ture of EchUlna, 844. 

Notes and Exhibits, 235, 361, 415, 
416, 40ft, 610, 713. 

Notes ou nutlve Flora of New 
South Wales, 673. 


Udonatu, Mesozoic, 417. 

Origin of yolk In ova of u Coire- 
pod, 136—Of the Hoteroptera, 
note ou. 568. 

Ova of Copepud, origin of yolk In, 
130. 

O.raliti vornir ulnta, two forms of. 
exhibited, 233. 

I'auoriKild Complex, 265, 286, 626. 

Pauorireldea, phytogeny of, 205. 

Petrel, Little, seen hi Neutral Hay, 
405. 

Petrie. J. M., Ltnuean Mncleay 
Fellow in Hloehemistry: sum¬ 
mary of year's work, 11—Uc- 
appointed, 1810-10, 13. 

- ( The Occurrence of Methyl 

laevo-inoaltol In uu Australian 
Poisonous Plaut, 850. 

Petrology of the Great Serpeutinc 
Belt, 320, 363, 503. 

Prtropkila aeaailia, exhibited, 416. 

Phoma ('itricurpa, life-history of, 

868 . 

Phylogeuy of Uoloiuetabolous in¬ 
sects, 265. 

riuHtaito, terutulogi<*al, exhibited. 
713. 

Plants. Climbing, stems of. 600— 
Exhibited, arc Exhibits. 

Playfair, G. I„ New and rare 
Freshwater Algw, 407. 

Poisonous plant yielding Inositol, 
860. 

Priestley, H., elected a Member. 
136. 

Protodouata, Meaoaoic, 417. 
Psychopskbe, the family, 750. 

Pmhopaia elegant, life-history of, 
787. 

Putbah Island, proposed “minia¬ 
ture Aaatralia” on, 416, 40ft. 


Queensland. Lower Mesozoic Hocks, 
37 Species of Areella, 237- 
Mesozoic Insects, 417, 568- 

North, Mosses, 541. 


Uncords of S. A. Museum, exhibit 
ed, 236. 

IbKits, irectiliar. exhibited, 235- 
Wnterstoring, of a Mallee, ex- 
hlbited, 196. 

lima hmrtvuto, exhibited, 236. 

Sawflies, Austru Han, notes on, 669. 

Scievoln, leaf-anatomy of, 247. 

Search for toxin producers, 142. 

Secretion, epidermal of Senwola, 
247. 

Seedlings with ireouliar roots, ex¬ 
hibited ; of Tephrosin, exhibited, 
235—Of other plants than Euca- 
lyjits and Angophorns, with 
shoot bearing tumours, exhibit¬ 
ed, 416. 

tier]leutini* Belt of N. S. Wales, 
320. 363, 593. 

Sherrie. Miss H. f elected a Mem¬ 
ber, 362. 

Shirley, J., and <\ A. Lambert, The 
Steins of ( limbing Plants, 600. 

Smith, O. P. l)„ An Amount of 
some Observations upon ihe 
Life-history of Phoma citrivurpu 
.McAlp., Ihe cause of Hie “Black 
Kl>ot” of Citrus-fruit in N. S. 
Wales, 868—The Otvurremre of 
an inverted ffytueniuui tu Apart- 
run vamprntrta, 883. 

-, 11. (Jrelg. Maclcny Bac¬ 
teriologist to the Society: sum¬ 
mary of year’s work, 11—Con¬ 
tributions to our Knowledge of 
Soil-fertility. No. xvi, 'Hie 
Search for Toxin-producers, 142 
—Remarks on water from Mal¬ 
ice-roots, 496, 

-- am i w. W. 

I/Kstrange, The “Springing” of 
Tins of Preserved Fruit, 409. 

Snake, living, exhibited, 416. 

Soil-fertility, Hmtrlbutions to u 
knowledge of, 142. 

Soy Bean seeds, exhibited, 611. 



vi. 


umt*. 


"Springing” of tiiiM of preserved 
fruit, 400. 

Steel, T., note ou an abnormal giz¬ 
zard of a duck, 415— tiw Ex 
Uibits. 

Stems of climbing plauta, 600. 

Stick-Insect, immature, exhibited, 
234. 

Studies lu Australian Neuroptora. 
116, 760, 787—Mecoptera, 305. 

tttyphelk i Mifhru , flowers of. 
variable lu colour, exhibited. 
236. 

Sydney llarltour Colliery, fossil 
lnsect-wlng from. 260. 

Tamworth dial riot, Devonian Kora- 
mlnlfcra from the, H85. 

Taylor, F. H., Contributions to it 
knowledge of Australian Cull 
ddte, No. iv„ 826. 

-* T. G., congratulations to, 

284- -thanks from, 285. 

Temperature of Echidna, 844. 

Tvphrosla, needling of, exhibited. 
235 * 

Tillyard, R. J., Uunean Maeleay 
Fellow In Zoology: summary of 
year’s work, 12—Re-appointed. 
1618*19, 13—Congratulations to, 
135—gic Exhibits. 

—-Studies iu Australian 

Neuroptera. No. 5. The Struc¬ 
ture of the Cubitus iu the Wings 
of the Myrmeleontidn*. 116; No. 
0 . The Family l J *ychoj*ddu\ 
with Descriptions of new Genera 
and Species, 750; No. 7. 'Hie 
Life-history of Psyvhopsis <l<- 
yans, 787—On the Affluitles of 
two Interesting Fossil* Insects 
trom the Upper CarlioniferouH of 
Commentry, France, 123—A Fos¬ 
sil Insect-wing from the roof of 
the Coal-seam in the Sydney 
Harbour Colliery, 260—The 
Panorpoid Complex: a study of 
the Phytogeny of the Holojneta 
bbtoue Insects, with special re¬ 
ference to the Subclasses Psnor- 
poidea and Neuropteroidea {In¬ 
troduction], 265; PL t., The 
Wtag-coupiing Apparatus, with 


special reference to the Lepidop- 
hra , 286; Pt. It., The Wing-tri- 
chtatlon and Us Relationship to 
the General Scheme of Venation, 
026 — Studies lu Australian 
Mecoptera. No. 11., The Wing- 
Venation of Ckortsto australis 
King, 395— Mesozoic Insects of 
Queensland. No. 3, Odonata 
and Protodonata, 417; No. 4. 
Ifrmiptcra Mrteroptcra: The 
Family nnn«taniidac. With u 
Note on the Origin of the 
Hrtrraptn'u, 568 — Australian 
Mcyaloptcra or Alder-flies; with 
Descriptions of new Genera and 
Species, 810. 

Toxln-prodwcrs, search for, 142. 

TrlchlAtlou of Insect-wings. 626. 

Trlchlniuin. a mre siiecies of, ex 
lilblted, 010. 

TrlJohites, Carboniferous. 437. 

Tumours, shoot-bearing. 101, 416. 

f ruruer. A. J., sec Exhibits. 

-, F„ icc Exhibits. 


Waite, K, It., see Exhibits. 

Wnlkom, A. 14., The Geology of the 
!i<>wer Mesozoic Hocks of 
Queensland, with siieclal Refer¬ 
ence to their Distribution and 
Fossil Flora, and their Correla¬ 
tion with the Lower Mesozoic 
Rocks of other parts of Ans- 
tralla, 37—Congratulation* to, 
135; thanks from, 234. 

Ward law, IT, 8. H., Uunean Mac- 
lea y Fellow In Physiology; num¬ 
mary of year's work, 12—Re* 
a pointed, 13. 

-, 'JTie Relation be¬ 
tween the Fat-content and the 
Electrical Conductivity of Milk, 
618—Note on the Tem;>erature*of 
Echidna aouleata, 844. 

Water from Mallee-roots, exhibit¬ 
ed, 496; remarks on, 496, 

Water-storing roots of Malles, ex 
hlbited, 496, 

Watts, W. W. ( and V. F. Brotherus, 
The Mosses at N. Queensland, 
544, 
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VII. 


\Vii\ff of fossil insect from (’uni- 
neam. 260; exhibited, 361. 

Wlng-^mpling apparatus of In¬ 
sects. 286 -Wing-trlrhiation and 
venation. 02fl~AVlng-venation of 
rharhta, 305. 

Wings, structure of cubitus of, lit 


Myruiek'oiitldtt 1 . 11 o. 

WtMMllNirer. tutrodin-cri, Indian, ex¬ 
hibited, 610. 

Yeast, samples of. exhibited, 612. 
Yolk, origin of, in ova of a Cope- 
pud, 136. 


< 6) BIOLOGICAL INDEX. 
Names in italic* are synonym* 


1*aok. 

Abrua preen torftnn. 601 

Acacia. 710 

arniata ............ 704 

buxlfolln.701 

Dawson!. 704 

dealbuta. 704 

decuman r. mollis .... 704 

diffusa. 704 

luiplexa .. .. .. .. .. 704 

huilgera r. venulueu .... 704 

melnnoxylou. 684, 704 

obtuanta. 606, 701 

twtniuervla. 600, 704 

prtivlMdtna. 606, 704 

rublda. 704 

HieullformlH. 704 

rcnuloeo . 704 

vemicHtua. 704 

Aen*tin ovlnn. 704 

MttiigttJHurbte . 704 

AcaiitharBU'. 600 

AranthacHsIs.. .. 110, 122 

v Aeanthoeladium extenuatura, 604 

HP. (?). 664 

Aciidiylla simplieifolia.. 601, Too, 
707, 711 

Acrldildm .. .. 263 

AertdloWea...201 

Acrotrlche aggregate .. 000, 707 

nemilatu .. .. 707 

Aethiocyatis conm-bovln .. 605 
Actinomyces ., 147, 140, 165, 166 

chromogeun.147, 146 

odnrtfem .. • * • * 147, 148 

Actlnoatrumn atwtmle,» 336, 360, 
381, 382, 384 
* dnthratuu . 382 


Page. 

AdeiHN'Hi>uima mtiduin .. .. ooo 
Adlnutitcs IJudsiiyoldeH .... 89 

Adlan him icthioplciim .... 701 

Aerobryopsis sigmatophylla.. 650 

Aeruplana.426, 431, 431 

ml raid Us .. 426. 427, 420, 430, 
433, 435 

Aeroplatildic. 125 

Aeroptanoptern. 425, 431 

ACaohn*. 438 

ffindrrsirnsi*. 136 

.Eaohnidiid* . 423 

.EsQhuidiopfciM.. .. .. 430 

fliiidersicnHis. 135. 43o 

Agurlcaceie. 884, 885, 880 

Agarlriis caiupestrJs. 883 

Agrlottlffcr. 421, 434 

Agromysridie. 08K 

Aira caryophyileu. 702 

Ajnga iiuatralls. 708 

Atbertia uustrnlls. 90 

Aletlmpterls. 30 

australis.85, 86. 87 

ftp.85, 01 

Algie. 407 

Allstua plantagu. 702 

Alisniatatw.* .. 702 

Alveolites depressa. 303 

sp.331, 305 

Auinryllldncw. 703 

Anselm .. .. ..172, 173 

Umax. 170, 177, 180, 181, 180 

Aiui’elldetr. 600 

Amphleutommu.. .. 132, 133, 13i 

paradoxtun. .. 130,131 

Amplexifornia. 207 
























































viii. 


I KMX 


Page. 

AiiuUwm. 503 

miKtrallra.503. r>41 

i\ fount rictu .. .. 504, 541 

iaxa. 505 

v, liorteiiMltf. 505, 541 

uselllarloldo*. 507 

i\ 504, 511 

r. HtenoMixira. 507 

varlablllx. 504 

r. fjilndramt.. .. 504, 541 

Volssll. 507 

Anagallbi arveunlH . 70 H 

Anastellorhiiia augur .. 415, 658. 

602, 664, 006, 667 

Andrupogon attain . 702 

refractun. 702 

Angophora.Itfl, 227, 68N 

wrdlfolia. 227 

Intermedia. 227. 803 

laneeolata .. .. 212, 227, 232 

mibvelutlna. 227 

Aiigulllarla dlolra. 702 

Aaoblum doinextlcuro .... 361 
Anomobrytiiu eyntblfoliuui .. 554 

A no motion Vwvme . 563 

Auophelex.826, 837 

anuullpeH. 827, 828 

atratipes. 827 

tvarblruatrlM.827 

r. liancroftl .. .. 827, 843 

eoretbroide#. 826, 827 

l»un<*tu1atiiM. 826 

atlgmatieufl. 826, 827 

AalMaflrla clliata . 702 

Authoiihyaa vegetaus .... 508 

Authrophyoiwla hj>,. 91 

Antigonoii leptopus. 601 

Aptianlptera.. 265, 269. 288 

Apochryaldw. 638, 783 

Apneynaoeiw. 600, 862, 867 

AraHaeeu!.I. .. 707 

Araucaria. 75 

Araucartoxylon app... 65 

Araucaritee.75, 90 

polycarpa. 72, 79. 81 

sp.. 86 

sp. A. 89 

sp. B. 90 

Areella.£37, £38 


artonroa.. 237, £38, 839, 240. 

£41, £43, 245, 346 
. 337 


Pass. 

Areella dlHColden .. 237, 238, 239, 
240, 241, 243, 244, £45, 246 
mitrata, 237, 238, 239, 240, 841, 
244, 245, 240 
vulgurlx . 237, 238, 239, 240. 

241, 242, 243, 245, 246 
Archk'linullodeK, 291, 635, 636, 637 

dubltatiiH. 820 

guMferuH, 292, 626, 636, 820 
ArckiimnoriHl, 633, 635, 636, 650, 
651, 653 

magnified .. .. 269, 631, 657 


ArlMucephahiH.732 

battalia. 733. 730 

flavipes. 733, 735 

mfipennlH. 733, 731 

Arlans. 732 

carina ticep*. 735 

Armigere*. 820 

breluli.. .. 828, 843 

malayi. 829 

Aroldew. 601 

ArUriopteryjp % 759, 760, 764, 765, 
766, 768, 773 

elegant . 767, 777, 784 

ArtUrocormus Schtniperi, 545, 549 

Arthropoda. 378, 280 

Arthropwliutn panimlatum .. 702 

Arnntio PhraymitvH .702 

Anfalapbidte .. 291, 631, 038, 815 

Awarls.140 

Aarlepcdiamo.600 

Arnwhyta liortorum.875 

An|»ai ( agUH rammisus.. .. 601, 608 

Aspergillus sp.147, 148 

Asperula oligantha .. .. 691, 708 

r, acoimrla. 708 

Aapitiivm aculvatum .701 

Aspidosperma quebracho, 862, 863, 

867 

Asplentum flftbelllfollum.. .. 701 

A*t<r rebninia .709 

Atterodtotton oratum .. 537, 638 

AntrorhlsidK.387 

Aiitrotricha ledifoUa.707 

Atrypa sp.. 331, 336, 595 

Aulina rotiformls.383 

Aurleuhtriacem.* ..865 

Austtnia lusonensla .. .. ..561 

Australlna pusllla. .708 

Austrosialls .821, 6£3 t 884 

lgnlCoMs. 883, 883 


dentata 









































































INDEX* 


ix. 


Page. 

UnccharU. ..355 

Bacilli)* inuuctUM.144 

mycolde* ... 143, 169 

prodtgiortUH, 145, 147, 155, 157, 
161, 168 171, 172, 183, 188, 
10(1. 

pyocyancu*.173 

8)i. .. 148, 140, 152, 153, 151, 

155, 157, 158, 161, 160 

BackhoUMla uiyrtlfolta.415 

Bacterium tumefaclena .. .. 107 
Bwckea CUmuiana,.. 600, 091, 707 

Balera aunt rail*. 80 

bideua .. .. 66, 08, 70, 70, 81 

glnkgotdCH. 05, 70, 81 

graclllH .. .. ..80, 90 

limvldeUHlH.. 05, 69, 70, 79, 81 
rnultlfldft .. .. 09, 70, 85, 87 
SlrnuioudMl, 65, 09, 72, 74, 76, 
79, 80, 85, 87 


Hp. 86 

stormbergeusia.68. 70 

liulmv* . 760, 761, 784, 785 

Balmv 9 in( . 760, 761 

Bnulnterlii ckrygophylla .. 601, 602 
Bauki^u marglnata.. 605, 703, 7it 

aerrata. -235 

Uarbella eiiervia.560 

Barbula calyclua .. 552 

Bartramlaceca .... 556 

Bauhluia corymbosu 601 

tfcaudeuti 601 

Beauimmtia graudlflora . 6oo 
Bedfordia aalictna .... 701, 700 

BeuuettltaleH.65, 72 

Bennettltea. 65, 60, 70 

Carrutbersl. 60 

sp. 81 

Beniardla Chodatt. .533 

tetraedrlca. 533, 543 

Berothldte .... 638, 639, 783, 784 

Bertya olecrfolia...703 

Benchorella brevifolia. .557 

Cyrtopns.557 

Blguouia floribnnda ..oon 

plcta .. .. 600, 602, 004, 009 
Tweadiana.. 600, 602, 604, 609 

veuusta.600 

tHguoaiac**.600 

BUlavdiejm acandens.704 

Biftmrila. 826, 827 

' gradlla. 826, 827 


Page. 

lUllacldtc. 290, 640, 656 

HlecHimm capeum.701 

tartllaglneum.701 

dlucolor.701 

IKMma-marina.7U1 

Borrugitiacea) .70S 

BoHsla'a huxlfolln.705 

Walkerl.705 

Bontryehun uHpialls .610 

Bougainvillea lnteritla.. 601, 607. 

609 

Nnuderiuna.607 


r. variegate .. .. 601, 609 
601. 602, 006, 609 
Brui’liychlton populucuH, 697, 706 
Brach>come diwolor.. .. 691,709 

HcnpiforuilN.709 

Hcaplgera .. .. 690, 691, 709 

Sleberi.709 

hji.690 

UracliyUtma.255 

Hnichylomn daphnoldeH ., .. 707 
llrurHynitnilmu acuminatum .. 554 

WattNti.554 

Bracliymetoplna. 483, 485 

ItriuliymetopUH. 438, 439, 482, 485 
dUIlMtnnl.. 471, 486, 488, 492, 
493, 494 

. ..488 

Mncvoyl.486 

Np. ilid.488, 492 

Mtrxeleckll, 438. 439, 443, 482, 
483, 480, 487, 488, 494 
BriiHiypb.vllum.. .. 56, 75, 85, 90 
eraHNiim .... 72, 75, 76, 79, 81 


glpjmlandk’um. 90 

Bp. 90 

Nrarhythcdaeeie.567 

Bromua maxlmun.702 

Bruuella vulgaris.708 

Brmionla.24H 

Bryacew.654 

Bryonia.608 

ladlilotm .. 001, 602, 605, 609 

Bryum argenteum r. nlvemn.. 654 

Baileyl.555 

erythrocarpoldeg .. .. ..554 

kurandte.554 

leptotkrlx.555 

plmpamm .555 

subatropurpureum .. ..555 

subollvaceum .. ..555 































































IttDtX. 


X. 


Paoi. 

Bryum tmbparhyimtna.555 

Buddlela iiiadaptm aminl* .. 601 
Biilblne bulboaa.. .. 680, 692, 702 

BurkilHa iornutn .525 

HuraaHa apinona.704 

('aluihmla mIIim. 692, 702 

dlmorpha. 689, 692, 703 

teatacea.703 

CalatnaierwtlH a'uiula.702 

('alllrOHtella kuTtibarhll .. .. 362 
ValHphorn wantin' .. ». 415, 658 

rttftfaclcg.. .. .658 

r aript'8 .658 

riltomi . 657, 636 

('alllHtemim lophaiitliUM.. 690, 707 

pachH'byiluH.713 

IttllUlOMllH.707 

plnlfolbiM.416 

rlgidux.713, 714 

aaligmiN.415 

Sieberl. 691 , 707 

vlmluallH.714 

('allltrla niU'arata .. .. 070, 70L 

sp..834 

Vahmpiu. .838 

prienlleU .838 

Calopter.vjddH* .. ..495 

Calotix wabionlfulia .709 

v. luMiorrlfolla.709 

Calywthrlx tetragmiu.707 

ra)ymiJL»ra<‘««(* .350 

CalytnpercM Keuiutlyanum .. 552 
mohu^iiM! .. .. .. 545, 552 

Mvtleyi.552 

nlgrenceun.552 

nerratnin*. .. ..552 

tencnmi.562 

Vatymptrldiam Mnvlh'ri 551 

Calyptorhymlnw vlrliUa 694 

CalyphitloHimu acutnm 560 

bundle. 560 

OalptIbir tvtrapom .. 707 

Canummilau 708 

Caiuphoiihylluiii rtexiumimi ,. 380 
Camptocbwte brlabankn .. 501 

v-^vaga... 561 

COnpytak’idlum flareaceiui ..561 

Gampytoptix Wattall .547 

f WoolM.547 

GO&dolte* aerrulala, 690, 700, 709 
CMriQUwu*;.990, 70# 


Caprlfollame. 708 

Curabldn*.436 

( ardanilne hlrnuta i\ 

folla.704 

Ictutifolia .704 

Cardlophorux.733 

( arduim pyniof^pbalMH .. ,. 709 

Carex apprextm.703 

(iHiidh*hau(liHua .702 

inteudiM'yperua.702 

terelbauli* ..702 

1 ariKiUthc* Hpp. 90 

('(trronia ., 001, 602. 

605, 609 

( arferla. 408, 514 

ImHullna.516 

tfranukwa.516, 541 

multlflUs.515, 616, 541 

rugukma.614, 617, 541 

a. angnlata.515, 541 

r. iinvipiulls .. 515, 541 

1 aryopbyllww. 689. 703 

(’iiKrtlula acnlcntn.709 

louirifolla.709 

ipilmiuefarla.709 

(iiRKytha moiautha.. ...... 704 

phtt*obt8la.701 

( aariiltdia.. .. 297, 3»8. 311. 914 
Canuarlna ( uuiilagbamiaim, 692, 

703 

tflauca.. ..693 

J.Uebmaiini. 082, 693, 703, 711 

UUadrlvnlrlH.703 

. .415 

utricta. 692, 703 

(anuarlnea*.703 

(auNtln flexuot*a.691 

i tH'ldomyla »p.234 

Olndxla longlfolla.. 691, TOO, 709 

feutnurea caUitrapa.709 

aolatitialia.Too 

(Vutl|>eda tumiliitffaamll 709 
(ephenodetf Jantra .... 319 

(eraatlnm vulgatum .. 703 

Ceratodtn. 90 

Chotetea. 335, 802, 393 

depnaauH.393 

UoMfuarf.380 

radians. 392, 3*3, 394 

atelllformi*.. 336,380,393, $91 
ChtftemUHtup eutodoutoUte*.. 602 
Gtfwebti.862 









































































ivdbx. 


XI. 


Ip *U1. 

Chmtomfttrium nematoauw 3G? 

Chalicodoma.27ft, sho 

Charadum oerasslformp .. .. 521) 
r. minimum .. .. 32ft, 529 

guttula.52ft 

longlpes.520 

ornithocephalimi.. .. 528, 520 

pyriform?.529 

Chornaia.302, M3 

exlmla. 302, 3 to 

(haullodUm*.820 

Chdlu tithes temtifolln.701 

ChdrolppiM ?) setomis .... 90 

Clu*noportinfw.703 

Chenopodlnni triangular? ., 703 

Chiiuarrlia.304 

Chlatnydoraonaa. 408, 500, 317, 5lft, 

532 


albovtrtdls.520 

alpina.31ft, 5U 

Angulosn r. ohesa .. 521. 541 

raudata.518, 541 

globulosa. 519 

LlamoreiifdK r. grad 1 la, 517, 
541 

longistlgnm.523 

marttlAta .. .. .. .. 518,541 

v. oblonga.519, 541 

i\ planktonloa.. .. 519, 541 

media.521 

tnrtaarJginn . * .. .. 519, 541 
pauperrula.. ...... 520,541 

plalformi* r. otvllaia. 521. 541 

yiuaUla. 520, 541 

ratlformis .. ..317, 541 

rotula .... 517. 518, 532, 541 
atellata.518 

subcaud&ta.519 

Chloeon.378 

Chlorln trunc&ta.702 

Chloroooulum minimum.. 521, 542 

Chbromono* alpina .518 

Ohlorophyeew .. .. .514 

Choretrum spicatum .. .. ..703 

Ohorlsta.. 290, 397, 399, 401, 404. 

406 

auxtralUi.. 395, 898, 403, 405, 
407, 408, 65T 
ChOftatkhe.. 888, 390, 312, 310, 640 

ChWmcoecarem. ..499 

cftryappa.. 396 

Cbryaopldie, 683, 638, 756, 763, 791, 
606, 616, 817 


Cicada (?) lowrt. 87 

CtouHriR*.589 

Cludiona.603 

Clarioimtion iwllena.557 

r)/nloph)f*Ms australis, 64. 68, 70. 

71. 74, 75. 78, 83. H7, 90 

ilentU'UlfltH. 74 

r. australis.89, 90 

RttyM.. 84, 68, 70, 71, 75, 78. 

85. 87 

ftp. 68, 85, 87 

Ciavnrla.883 

Clematis nrlatatn.7o:t 

mtcrophylla.7o:i 

('Insterlmn lunula.513 

CodLoHim armarium .330 

('cellist raiva 1 ..340 


('cdastnim ret leu In turn .. .. 540 
CrttloHitennum muilculatnm*. 601, 
602, 603, 609 
Ccequosn triangularis. 634, 635, 652 
Coleopteril, 265, 266, 267, 268, 295. 


715 

Coleopteroldoa.265 

Collemtiolu.799 

Colletotridium adllMimi.. 868. 869 

Combretaeeir.60 1 

Comesi>erma retuamu.. .. 691, 703 
Composite, 601, 690, 691, 709, 710 

Cmidildlum knlghtll.336 

Conlfomles .. ..72. 73. 75. 78, 79 
ronleptorls rielieAtuln .. 61, 78, ko 
by menophy Unities r. aus- 

trallca. 89 

Conlopterygldfp. .. 638 

i onites sp. Do 

Conjugate.510 

Convolvulacw. 601, 708 

Convolvulus erubeamia .. .. 708 

Copeognatha.132 

Coprosma hlrtella.708 

Corehte. 576, 582 

Corydaltdfr, 291. 316, 636, 656, 819 

Corydallme.820 

Corydaluft.. ..125 

Corynophyllu* andersonl,. 725 

fortnumi.725 

lnterocu laris.724 

raodeattt*.726 

Co tula flltcula .. ..709 

Craapedla JUohea i.709 

Craautlaoem.704 

CreaprM .. .. 11®. 1*1, 1*6. *®o 
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Creagrls.430 

Creaprii .122, 436 

plumbeun . 123, 430 

(reoleon.430 

Creoleontlni.436 

frlntelUirla vetuata.S86 

Cnielferee .704 

Crustacea.278 

Crypluea tend In.556 
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